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ABSTRACT 


The Saturn IB, SA-207 Launch Vehicle was launched on July 28, 1973, 
■from Kennedy Space Center and placed the Conmand Service Module con- 
taining three crew members into an 149.87 x 226.29 km altitude earth 
orbit. No anomalies occurred that seriously affected the mission. 
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JSC 

Johnson Space Center 

EDS 

Emergency Detection System 

KSC 

Kennedy Space Center 

EDT 

Eastern Daylight Time 

KWJ 

Kwajalein 

EMR 

Engine Mixture Ratio 

lh 2 

Liquid Hydrogen 

EMRC 

Engine Mixture Ratio Change 

LOS 

Loss of Signal 

EPO 

Earth Parking Orbit 
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ABBREVIATIONS (CONTINUED) 


LOX 

Liquid Oxygen 

PCM 

Pulse Code Modulation 

LUT 

Launch Umbilical Tower 

PEA 

Platform Electronics Assembly 

LV 

Launch Vehicle 

PWA 

Printed Wiring Assembly 

LVDA 

Launch Vehicle Data Adapter 

PSD 

Power Spectral Density 

LVDC 

Launch Vehicle Digital 

PTCS 

Propellant Tanking Computer 


C rvrr- n j i +* r* 
\jt 1 1 \j U <-L » 


System 

MAD 

Madrid 

PU 

Propellant Utilization 

MAX Q 

Ma>imum Dynamic Pressure 

q 

Dynamic Pressure 

MCC- H 

Mission Control Center - 

PxDSM 

Remote Digital Sub-Mul tiplexei 


Houston 

RF 

Radio Frequency 

MILA 

Merritt Island Launch Area 

RFI 

Radio Frequency Interference 

ML 

Mobile Launcher 

RLH 

Retrograde Local Horizontal 

MR 

Mixture Patio 

S/A 

Service Arm 

MSFC 

Marshall Space Flight Center 

SACS 

Service Arm Control Switches 

NO. 

Number 

SC 

Spacecraft 

NASA 

National Aeronautics and 
Space Administration 

SCFM 

Standard Cubic Feet per 
Minute 

NPSP 

Net Positive Suction Pressure 

SCMS 

Standard Cubic Meters per 

NPV 

Non-Propulsi ve Vent 


Second 

OAT 

Overall Test 

SL 

Sky lab 

OECO 

Outboard Engine Cutoff 

SLA 

Spacecraft Lunar Module 
Adapter 

OMPT 

Observed Mass Point Trajectory 

SM 

Service Module 

OT 

Operational Trajectory 

STDV 

Start Tank Discnarge Valve 

OWS 

Orbital Workshop (Modified 
S-IVB Stage) 

SV 

Space Vehicle 

PACSS 

Project Apollo Coordinate 
system Standard 

sws 

Saturn Workshop 



ABBREVIATIONS (CONTINUED) 


TAN Tananarive 

TB Time Base 

TCS Terminal Countdown Sequencer 

or Thermal Conditioning System 

TEX Corpus Christi, Texas 

TVC Thrust Vector Control 

UCR Unsatisfactory Condition Report 

US United States 

UT Universal Time 

VAB Vertical Assembly Building 
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SA-207 MISSION PLAN 


The Saturn IB SA-207, designated SL-3, is to boost a manned Comnand 
Service Module (CSM) to an 81 x 121 n mi orbit coplanar with the Saturn 
Work Shop (SWS) orbiting at approximately 234 n mi. The SL-3 space vehicle 
consists of the Saturn IB-207 launch vehicle and the CSM- 117 payload. 

The launch vehicle is comprised of the S- IB-7 first stage, the S-IVB-207 
second stage, and the S-IU-208. SL-3 is the second manned flight in the 
Skylab Program. 

Launch is scheduled to occur on the 28th of July 1973, from Launch Complex 
39, Pad B of the Kennedy Space Center (KSC) at 7: 10: SO a.m.. Eastern 
Daylight Time. The vehicle is aligned along a 90° azimuth at liftoff. 
Following liftoff the vehicle rolls to a flight azimuth of approxi- 
mately 45.0 degrees measured east of north. Vehicle weight at 
ignition is nominally 1,308,579 lbm. 

The S-IB stage powered flight lasts approximately 140 seconds. The S-IVB 
stage provides powered flight for approximately 453 seconds inserting the 
CSM into a low earth orbit at the proper altitude and inclination to 
allow the CSM to enter a phasing orbit for rendezvous. 

Following CSM separation the S-IVB/IU/SLA will remain in orbit up to 6 

hours, during which time data will be gathered by the Galactic X-Ray 

Mapping Experiment, S-150. The auxiliary propulsion system will pro- 
vide attitude control for the experiment to whatever extent that Is com- 
patible with deorbit requirements. 

During the fourth revolution a controlled deorbit of the spent S-IVB/IU/SLA 
will be accomplished. The spent vehicle will be oriented to a retrograde 
attitude and residual propellants in the S-IVB stage tanks will be dumped 
through the J-2 engine to produce the impulse necessary to deorbit the 
vehicle. By controlling the vehicle attitude and the time and duration 

of propellant dump the spent vehicle *r*ll be impacted into the uninhabited 

Pacific Ocean area at a nominal Impact point of 23,75 degrees North 
latitude and 184.50 degrees East longitude. 

The CSM Service Propulsion System and Reaction Control System will be 
used to complete the CSM rendezvous maneuvers and dock axially with the 
orbiting SWS. The crew will transfer from the CSM and activate the SWS, 
inhabiting it for a period of up to 59 days. After completion of the 
scheduled mission activities, the SWS will be prepared for orbital storage, 
the crew will transfer to the CSM and the SWS will be left in a solar 
inertial attitude. The CSM will undock from the SWS and deorbit for earth 
re-entry. 
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FLIGHT SUMMARY 


The Saturn IB, SA-207 Launch Vehicle was launched at 7:10:50 Eastern 
Daylight Time on July 28, 1973 from Pad 39B of Kennedy Space Center and 
placed the Conmand Service Module containing three crew members into 
earth orbit for rendezvous with the orbiting Saturn Work Shop. The 
performance of ground systems supporting the countdown and launch was 
satisfactory although some concern was expressed during prelaunch count- 
down about S-IB LOX venting. 

The reconstructed flight trajectory (actual) was very close to the Post 
Launch Operational Trajectory (nominal). The S-IB stage powered the 
vehicle until Outboard Engine Cutoff (0EC0) at 140.73 seconds which was 
1.13 seconds later than nominal. The total space- fixed velocity at this 
time was 0.19 m/s less than nominal. After separation, the S-IB stage 
continued on a ballistic trajectory until earth impact. The S-IVB burn 
terminated with guidance cutoff signal and was followed by parking orbit 
insertion, both 3.14 seconds earlier than nominal. An excess velocity 
of 0.75 m/s at insertion resulted in an apogee 2.16 km higher than 
nominal. The parking orbit portion of the trajectory from insertion 
to CSM/S-IVB separation was close to nominal. The astronaut initiated 
separation of the CSM from the S-IVB stage occurred at 1080.4 seconds, 
124.2 seconds later than nominal. 

All aspects of the S-IVB/IU deorbit were accomplished successfully. The 
propellant dump was modified during real time to establish a reentry tra- 
jectory that would enable observation by Kwajalein. This modified plan 
was accomplished. The velocity change obtained for deorbit was very 
close to the real-time predicted value. The breakup altitude was 81.7 km, 
and impact in the primary disposal area. 

The S-IB stage propulsion system performed satisfactorily throughout 
flight. The one propulsion anomaly (possible LOX emanation from the 
LOX tank vents) occurred during countdown and had no effect on the 
countdown operations or flight performance. Stage longitudinal site 
thrust and mixture ratio averaged 0.68 percent and 0.27 percent lower 
than predicted, rerpecti vely. Stage LOX, fuel and total flowrate 
averaged 0.75 percent, 0.49 percent and 0.68 percent lower than pre- 
dicted, respectively. Stage specific impulse was within 0.1 percent 
of predicted. Inboard Engine Cutoff (IEC0) occurred at 137.36 seconds 
(0.76 seconds later than predicted). Outboard Engine Cutoff (0EC0) 
was initiated 3.37 seconds after IEC0 by thrust OK pressure switch 
deactuation as planned at 140.73 seconds. At 0EC0, the LOX residual 
was 2960 lbm compared to the predicted 3311 lbm and the fuel residual 
was 6145 lbm compared to the predicted 5988 lbm. The stage hydraulic 
system performed satisfactorily. 


The S-IVB propulsion system performed satisfactorily throughout the 
operational phase of burn and had normal start and cutoff transients. 
S-IVB burn time was 448.53 seconds, 4.24 seconds shorter than predicted 
for the actual flight azimuth of 45.0 degrees. This difference is com- 
posed of - 0.13 second due to S-IB/S-IVB separation velocity, radius, and 
weight and -3.90 seconds due to higher than predicted S-IVB performance 
leaving -0.21 second unexplained. The engine performance during burn, 
as determined from standard altitude reconstruction analysis, deviated 
from the predicted Start Tank Discharge Valve (STDV) open +60 second 
time slice by +0.89 percent for thrust and -0.05 percent for specific 
impulse. The S-IVB stage engine cutoff (ECO) was initiated by the Launch 
Vehicle Digital Computer (LVDC) at 592.93 seconds. The S-IVB residuals 
at engine cutoff were near nominal. The best estimate of the residuals 
at engine cutoff is 2551 lbm for L0X and 2326 Ibm for LH 2 as compared 
to the predicted values of 2843 lbm for L0X and 1957 lbm for IH 2 . During 
orbital coast the Auxiliary Propulsion System (APS) demonstrated nominal 
performance and responded to a disturbing force on the S-IVB/IU stage. 

LH^ NPV and Instrument Unit (IU) sublimator operation contributed to the 
disturbing forces. The level of disturbance attributed to the LH 2 NPV 
system is within the specified tolerances on nozzle misalignment and 
area unbalance even if the disturbance were attributed entirely to mis- 
alignment or entirely to area unbalance. The disturbance had no effect 
on mission accomplishment. An engine pitch actuator oscillation of low 
amplitude and frequency was noted during prelaunch, S- IB boost, and 
orbital coast thermal cycles while no commands were input to the servo- 
valve. These oscillations were caused by accunulation of micron sized 
particles in the clearance between the servovalve spool and bushing. 
Operation was normal during powered flight and deorbit dunps. The 
impulse derived from the LOX and fuel dunps was sufficient to satis- 
factorily deorbit the S-IVB/IU. The total impulse provided 104,000 
lbf-sec, was in close agreement with the real time nominal predicted 
value of 103,500 lbf-sec. As expected after the extended LH 2 dunp the 
pneumatic pressure was not sufficient to cause the NPV valves to latch 
open; however all deorbit safing criteria were met. The APS satisfied 
control system demands throughout the deorbit sequence. 

The structural loads experienced during the flight were well below 
design values. The maximum bending moment was 10.6 x 106 in-lbf (approxi- 
mately 19 percent of design) at vehicle station 942. The S-IB thrust 
cutoff transients experienced by SA-207 were smaller than those of SA-206. 
The S-IVB engine cutoff transient produced oscillations on the gimbal 
block of 4.25 g peak amplitude with a predominant frequency of 55 Hz. 
Although this transient exceeded that of SA-206 it was well within the 
envelope experienced on Saturn V flights. The maximum ground wind ex- 
perienced by the Saturn IB SA-207 during the prelaunch period was 14 
knots (allowable with damper, 55 knots). The ground winds at launch were 
13.5 knots from the west (allowable at launch 38 knots). 

The stabilized platform and the guidance computer successfully supported 
the accomplishment of the Launch Vehicle mission objectives. Targeted 
conditions at orbit insertion were attained with insignificant error. 

No anomalies nor deviations from nominal performance were noted. 



The stabilized platform accelerometers properly reacted to thrust decay 
vibrations following S-IVB stage guidance cutoff. 

The control and separation systems functioned correctly throughout the 
powered and coast flight. Auxiliary Propulsion System (APS) propellant 
usage was greater than expected during coast but the quantity available 
was adequate to fulfill all mission requirements. Engine gimbal de- 
flections were nominal. Bending and slosh dynamics were adequately 
stabilized. No unusual dynamics accompanied any separation. 

The electrical systems and Emergency Detection System (EDS) performed 
satisfactorily during the flight. Battery performance (including voltages, 
currents, and temperatures) was satisfactory and remained within accept- 
able limits. Operation of all power supplies, inverters. Exploding Bridge 
Wire (CBW) firing units, and switch selectors was nominal. 

Environmental pressure data in the S-IB base region compared with pre- 
flight predictions and/or previous flight data show good agreement. 

The thermal environment measured in the SA-207 S-IB base region has been 
compared with corresponding data from flights SA-203 through SA-206. 

With the exception of the flame shield radiation heating data (measure- 
ment C0603-006), these comparisons show excellent agreement. Two 
possible causes which would allow more radiation from the engine exhaust 
plume to reach the flame shield radiometer are, reduction in opaque- 
ness of the turbine exhaust gas or sustained local burning of the turbine 
exhaust gases. Neither of these provide a completely satisfactory ex- 
planation, but reduced local opaqueness is the most probable. In all 
areas the measured thermal environments in the base region of SA-207 
were well below the S-IB stage design level. 

The S-IB stage engine compartment and instrument compartment require 
envi ronmental control during prelaund operations, but are not actively 
controlled during S-IB boost. The desired temperatures were maintained 
in both compartments during the prelaunch operation. The Instrument Unit 
(IU) stage Environmental Control System (ECS) exhibited satisfactory per- 
formance for the duration of the IU mission. Coolant temperatures, 
pressures, and flowrates were continuously maintained within the required 
ranges and design limits. 

The SA-207 vehicle data systems performed satisfactorily except for a 
failure in the S-IVB telemetry system. This failure resulted in the 
loss of three S-IVB measurements, but had no impact on vehicle perfor- 
mance or postflight analysis. The overall measurement system reliability 
was 99.6 percent. The usual telemetry interference due to flame effects 
and staging were experienced. Usable telemetry data were received until 
20,500 seconds (5:41:40' Good tracking data were received from the 
C-Band radar, with Kwajulein (KWJ) indicating final Lose of Signal (LOS) 
at 21,175 seconds (5:52:55). The Secure Range Safety Comnand Systems 
on the S-IB and S-IVB stages were ready ;o perform their functions 
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properly, on command, if flight conditions during launch phase had re- 
quired destruct. The Digital Command System (DCS) performed satisfac- 
torily from liftoff through deorbit. Instrument Unit (IU) telemetry 
data needed for real time support of deorbit operations were not avail- 
able at Mission Control Center-Houston (MCC-H) during the third orbital 
revolution pass over the Hawaii (HAW) ground station because of improper 
implementation of ground procedures at HAW and Johnson Space Center 
(JSC). In general, ground engineering camera coverage was fair being 
somewhat below the standard set by previous launches. Three S-150 
experiment data dumps were satisfactorily accomplished. 

Total vehicle mass, determined from postflight analysis, was within 
0.21 percent of predicted from ground ignition through S-IVB/spacecraft 
separation. Hardware weights, propellant loads and propellant utiliza- 
tion were close to predicted values during flight. 

Skylab Experiment S-150, Galactic X-Ray Mapping Experiment, was performed 
during the flight of SA-207. The object of the experiment was to map the 
X-Rey flux intensity of galactic space. The experiment, which had a 
planned operating time of 265 minutes, collected X-Ray data for only 110 
minutes before the experiment high voltage switched off because of low 
gas pressure in the X-Ray sensor. Even though the operating time of the 
X-Ray experiment was less than planned, it was greater than the accumu- 
lative time of all preceeding similar experiments. The associated spectral 
data continued to be collected by the experiment star sensors, however, 
these data are of use principally in determining experiment pointing 
direction. The lack of one Auxiliary Storage and Playback (ASAP) cycle 
resulted in loss of this spectral data for the third revolution. 


MISSION OBJECTIVES ACCOMPLISHMENT 


Table 1 presents the MSFC Launch Vehicle objective for Skylab-3 as 
defined in the "Saturn Mission Implementation Plan SL-3/SA-207," MSFC 
Document PM-SAT-8010.23, Revision A, dated June 8, 1973. An assessment 
of the degree of accomplishment can be found in other sections of this 
report as shown in Table 1. 


Table 1. Mission Objective Accomplishment 


NO. 

LAUNCH VEHICLE OBJECTIVE 

DEGREE 

OF 

ACCOM- 

PLISHMENT 

DISCRE- 

PANCIES 

SECTION 
IN WHICH 
DISCUSSED 

1 

Launch and insert a manned CSM 
into the earth orbit targeted 
for during the final launch 
countdown. [SL-3 was targeted 
for an 81 x 121 n mi (150 x 
2 24 km) orbit]. 

Complete 

None 

■ 
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FAILURES AND ANOMALIES 


Evaluation of the launch vehicle and 
ment data revealed the following six 
which are considered significant. 


launch vehicle ground support equip- 
anomalies and one failure, none of 


Table 2. Summary of Failures and Anomalies 


! ITEM 

VEHICLE 

SYSTEM 

MKAALY (CAUSE ) 

siaiFicAna 

CORRECTIVE ACTION 

SECTION 

REFERENCE 


S- U PRESSURIZATION 

POSSIBLE LOI EMANATING OCCASIONALLY 
FROM THE L0« T m VERTS FW 
APPROXIMATELY T-S.S HOURS TO VERT 
CLOSURE AT T-Z MINUTES 41 SE COHOS . 

(IWKM) 

ROM TO LAUNCH VEHICLE 
OR GAO IDO HARDWARE 
NONE TO GROUND OPERATIONS 
EXCEPT POSSIBLY OURING 
ASTRONAUT BOARDING. (APD 
1PC ANOMALY) 

CLOSED. KSC WILL IWLEMHT COUNT - 
DOM CONTINGENCY PRDCEDUKS IF THIS 
PMKKMH IS OBSERVED PRIOR TO 
*i T TONAUT BOARDING. 

3.4. Z.l 


s-it flam SHitLO 

TlCAMAL AAOIATIOH ENVIMMCWT HOK 
SEVERE THAR EXPECTED FROH 13 TO SS 
SECOHOS. (UMW. POSSIBLY 
LOCALIZED REDUCED OPACITT OR 
LOCALIZED AFTEAMRING OF turbire 
exhaust gases.) 

NONE. ERVIRDKKRT WAS WELL 
WITHIN DESIGN LIMITS. (APD 
19C ANOMALY) 

NONE. CLOSED. 

13. 1 


S-IVI TELEMETRY 

SIX FLIGHT KASUNEMRTS rot trms- 
MITTED or CPI LIRA AFTER APPROXI- 
MATELY HZ SECOHOS. TTMEE OF 
TKSE HERE CROSS-STRAPPED AM) 
RECOVERED THROUGH IU DPI LIRK. 
(RANH* COKOMRT FAILURE IR 
REWTE DIGITAL SUB-KATIPIEXER ) 

LOSS OF THREE RON-CRITICAL 
FLIGHT KASUNEMRTS. (APD 
19C FAILURE. APD 44 NON- 
CONFORMANCE CATEGORY 4.) 

NONE. aosED. 

IS. 3. 1 


S-I*B HYQWULIC 

FITCH ACTUATOR OSCILLATORY ORIFT 
AT LON AMUTUOC AM) FMQUCNCY 
DURING PRElAUHCH. S-IB BOOST AMI 
ORBITAL COAST THERMAL CTCLES. 
(ACTUATOR SERVO VALVE HURTIRG DUE 
TO STICTIQH CAUSED BY MICRON 
SIZED COAT AH INAMT PARTICLES. ) 

ROM. (APD IVC ANOMALY.) 

ROWE CLOSED. 

Ml 

10.3.7. i 


IU/S-IV8 ASSEMLY 

UNEXPECTEDLY HIGH S-IVB APS WOULE 
Z PRGPEUAAT CORSLfrriOH TO 
MAIRTAIR ATTITyOE CONTROL OURIAG 
ORBITAL COAST. (URMEOICTEO ATTI- 
TUDE DISTUMMCE FROM HITHIR SPEC I - 
FICATIOR RPV THRUST IMBALANCE AM) 
AQZ2LE MISALI0ROT OURIRG BELIEF 
VERTING AND KABUL IU SUMINRTOA 
ACTIVITY . ) 

NONE. SUFFICIENT PRO- 
PELLANTS available for ALL 
MISSION REOUIREKRTS. 

(APD 1»C ANOMALY.) 

INCORPORATE TOTAL NPV AND SU8- 
LIMATOR EFFECTS IR FUTURE APS 
PROPELLANT USAGE PREDICTIONS. 
CLOSED. 

7.S 

'.0 3 2 

l 

!u telektry 

OPERATIONAL DATA NOT AVAILABLE 
FOR REAL TIME DISPLAY OUNINC THIRD 
ORBITAL REVOLUTION PASS OVER THE 
HANAIt GROUND STATION. (IMNOPER 
IKlEKRTATIOR OF GROW) PROCEDURES 
AT HAUAtl AW) JSC.) 

1. DELAYED VERIFICA- 
TION OF S-IVE/IU 
DE ORBIT COM4AHO 

Z. LOSS OF FLIGHT 
EVALUATION DATA 
RELATED TO APS 

ANOMALY. 

3. LOSS OF S- ISO 
EXPERIKNT DATA 

(APD IVC ANOMALY.} 

PROBLEM NAS BEER IDENTIFIED 

TO JSC FOR APPROPRIATE 
ACTION. CLOSED. • 

IS 3.7 

7 

GALACTIC i-RAY 

(S-1S0) 

EXPERIKNT 

EXPEAIKRT HIS) VOLTAGE SNITCHED 
OFF PREMATlRELY AT Z KWRS ZO 
HIRUTES DUE TO LON GAS PRESSURE IR 

the x-ray sensor, (gas leakage 

ThUXKH TK X-RAY INCIDENT WINDOW) 

LOSS OF 2 HOURS AND IS 
MINUTES OF EXPEAIKNT 
OPT*. (ATD 19C 4HOMALY.) 

IF EXPERIKNT IS FLOWN AGAIN, 
BROADEN OPERATING SAND OF 
REGULATOR ADD INCREASE «1M- 
FOIL WINDOW THICKNE5S TC O.S 
mil. closed. 

18.0 
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SECTION 1 


INTRODUCTION 


1 . 1 PURPOSE 

This report provides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the results of 
the SA-207 launch vehicle flight evaluation (Skylab-3 launch). The 
basic objective of flight evaluation is to acquire, reduce, analyze, 
evaluate and report on flight data to the extent required to assure 
future mission success and vehicle reliability. To accomplish this 
objective, actual flight problems are identified, their causes deter- 
mined, and recommendations made for appropriate corrective action. 

1.2 SCOPE 

This report contains the performance evaluation of the launch vehicle 
systems with special emphasis on problems. Sumnaries of launch 
operations and spacecraft performance are included. 

The official George C. Marshall Space Flight Center (MSFC) position at 
this time is represented by this report. It will not be followed by a 
similar report unless continued analysis or new information should 

prove the conclusions presented herein to be significantly incorrect. 

1.3 PERFORMANCE PREDICTIONS BASELINE 

Unless otherwise noted, all performance predictions quoted herein for 
comparison purposes are those used in or generated by the Skylab-3 
(SA-207) Post Launch Predicted Operational Trajectory (OT) S4E-AER0- 
MFP-114-73, dated July 28, 1973. 
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SECTION 2 


EVENT TIMES 


Range zero occurred at 07:10:50 Eastern Daylight Time ( EDT ) (11:10:50 
Universal Time [UT]) July 28, 1973. Range time is the elapsed time from 
range zero, which, by definition, is the nearest whole second prior to 
liftoff signal, and is the time used throughout this report unless 
otherwise noted. Time from base time is the elapsed time from the 
start of tne indicated time base. Table 2-1 presents the time bases 
used in the flight sequence program. 

The start of Time Bases To and Ti were nominal. T 2 and T 3 were initiated 
approximately 0.8 second and 1.1 seconds late, respectively. These varia- 
tions are discussed in Section 6 of this document. T 4 was initiated 3.2 
seconds early, consistent with the early S-IVB engine cutoff discussed in 
Section 7. Start of T 5 was initiated by the receipt of a ground command, 
0.6 seconds later than scheduled in real time as discussed in Section 5.2. 

Figure 2-1 shows the difference between telemetry signal receipt at a 
ground station and vehicle (Launch Vehicle Digital Computer [LVDC] clock) 
time. This difference between ground and vehicle time is a function of 
LVDC clock speed. 

A summary of significant event times for SA-207 is given in Table 2-2. 

The preflight predicted times were adjusted to match the actual first 
motion time. The predicted times for establishing actual minus pre- 
dicted times in Table 2-2 were taken r'rom 68M00001C, "Interface Control 
Document Definition of Saturn SA-207 and Subs Flight Sequence Program" 
and from the Sky lab-3 (SA-207) Post-Launch Predicted Operational Tra- 
jectory (0T) S&E-AER0-MFP-1 14-73, dated July 28, 1973, unless otherwise 
noted. 

2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS 

Table 2-3 lists the switch selector events which were issued during the 
flight, but were not programmed for specific times. 
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Table 2-1. Time Base Suninary 


TIME BASE 

RANGE TIME 
SECONDS 

SIGNAL START 

T o 

-16.95 

Guidance Reference Release 

Tl 

0.48 

IU Umbilical Disconnect Sensed by LVDC 

T2 

134.38 

S- IB Low Level Sensors Dry Sensed by LVDC 


140.72 

S-IB 9EC0 Sensed by LVDC 

T4 

593.14 

S-IVB ECO (Velocity) Sensed by LVDC 

T 5 

19,193.27 

Initiated by Receipt of Ground Conmand 


o 

Q 


W) 


O 

DC 

07 


to 

Q 

o 

tj 

oJ 

</> 




0 1:00:00 2:00:00 3:00:00 4:00:00 5:00:00 6:00:00 

RANGE TIME, HOURS: MINUTES: SECONDS 


* RANGE TIME OF GROUND RECEIPT OF TELEMETERED SIGNAL FROM VEHICLE 
** RANGE TIME OF OCCURENCE AS INDICATED BY UNCORRECTED LVDC CLOCK 


Figure 2-1. LVDC Clock/Ground Time Difference 
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Table 2-2. Significant Event Times Summary 



2-3 























Table 2-2. Significant Event Times Siimary (Continued) 
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Table 2-2. Significant Event Times Summary (Continued) 
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Table 2-2. Significant Event Times Summary (Continued) 








RAN 

ami 

EVENT CESCRIFTICN 


S-IVB 5TDV t F E N 

1AA.A* 


R A i N ST AGE ENABLE TIN 

IAA. A * 

i • i 

L H 2 TANK FRE SSLR 1 l A ION 

Control suict- enable 

1 AG . 0 

i • i 

S — I V L> MAHSTACf C* FFtSSURE 
SWITCH 1 

l A 6 .2 

i«i 

5-lVn MAINSTACE 

l A 6 • 8 

i«i 

RlXTuxfc RfTir CCNTRCL VALVE 
CtoSt 

IAS. A 


RUTuKl RATIC CONTROL VALVE 

close « ^ - 5 : i em> 

I4S.S 


Charge ullage jettison 
EB*. firing LMTS 

150. <J 

i • i 

ULLAGE MC10RS JETTISON 

15A.C 

i • i 

engine hainstage enable cff 

15A.A 

t • i 

ullage err FIRING UMTS RESET 

160. 0 

i • ft 

ULLAGE MJTQRS IGNITION AND 
JtTTISCN RELAYS RESET 

160.2 

ft • i 

HEAT-E XL HANgER BYPASS VALVE 
CONTROL ENABLE 

16A. 7 

i • i 

TELEMETRY CALI BRA TCP IN-FLIGHT 

calibrate ln 

16 6.1 

ft • ft 

IeLEMETnY CALIBRATOR IN-FLIGHT 

calibrate L F c 

HI. 1 

ft • i 

btGlN I G R Phase 1 

1 76 .6 


FLIGHT ccntrll CORPuTFR SWITCH 

runt nc. a 

182. 7 


flight control computer switch 
hum nc. 5 

3AA. A 


TtLtMETRY CALIBRATOR IN-FUghT 

calibrate cn 

3 A 6 . 1 


TtLEMURV CAL IERATJR IN-FLIGHT 
CALIBRATE CFF 

351. 1 


LHC TANN FRtSSLPIZATIJN 
GONTOOL SrITCH CISAHLE 

AA 3.6 



1. 1 


T I PE F PCM fU$P 


ACTUAL 

SEC 




2-6 
















Table 2-2. Significant Event Times Summary (Continued) 






EVENT Cl SCR 1 F T ION 


S-|Va MIXTURE RATJC CCMktl 

4Gb. A 

VALVE CPEK 


MXTukE RATIC CCA TRCl VALVE 

469.0 

OPEN M.e*l EHR» 


BEGIN IGN PHASE 2 

4/0.5 

r EL EME TR V CALIERATOR INFLIGHT 

496. I 

CALIBRATE CN 


r el fckfc T ry calierator inflight 

501.1 

CALIBRATE CFf 


PROPELLANT CEPLETION CUTOFF 

540. / 

ARM 


BEGIN TERPINAL GOlOANCE 

571.0 

l»LI C ANCt CLTCEF SIGNAL (ECO! 

592.93 

S-IVe SOLENOIC ACTIVATION 

592.9 

SIGNAL U140I 


S-1VB HA INST AGE PRESSURE OK 

59 3.1 

SklTCH 1 


S-lVb MAINSTACE PRESSURE OK 

593.2 

SklTCH 2 


START OF TINE BASE 4 IT4I 

593. I 

INERTIAL ATTITUCE FREEZE 


S-IVB ENGINE CLTQrF NO. 1 ON 

593.2 

S-IV8 ENGINE CLTOFF NO. 2 ON 

593.3 

PREVALVES CLCSE 

593.4 

LCX TANK NPV VALVE CPEN CN 

593.7 

LCX TANK PRESSURIZATION SHUT- 

593.9 

OFF VALVES CLCSE CN 


LCX TANK FLICPT PRESS SVSTEP 

594. 1 

OFF 


PRiPELLANT CEPLETICN CUTOFF 

594.9 

0. SA*P 


S-IVB MIX i'Jfit RATIO CONTROL 

59 .. 3 

VALVE CLCSj 


s-ive MIXTURE RATIO CONTROL 

595. 5 

VALVE BACKLP CLCSE 




1 

. 1 

1 

. 1 

1 

.1 

? 

.7 

_ i 

.14 


• 1 

3 


3 
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-3 
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-3 

• €. 
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_ i 
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Table 2-2. Significant Event Times Summary (Continued) 
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Table 2-2. Significant Event Times Summary (Continued) 




I RANGE TIPE 

1 TIME FPCM BASE 1 


EVtM DESCRIPTION 

Hnmn 

HW 

■nm i 


■H 

13 2 

LH2 TANK LATCMNG RELIEF V At VE 

OPEN OFF 

1274.8 

HB 

6ei.7 

■MM 

133 

LH2 TANK VENT AND CATCHING 
RELIEF VALVES BCCST CLOSE CN 

1277.8 

-2.9 

684. 7 

0.3 

134 

LM2 TANK VENT ANC CATCHNC RE- 
LIEF VALVES BOOST CLOSE OFF 

1279.5 

-3.2 

686. 4 

0.0 

135 

DCS COMMA N C EXECUTE *177 DEG. 
PITCH PANELVER 

1314» 0 

19.1 

72C.9 

22.2 

136 

DCS CGMMANC EXECUTE -177 DEC. 
ROLL, - CFG. PITCH MANEUVR 

2855.0 

30.1 

2261.9 

33.2 

137 

CCS COMMANC EXECUTE -138 CEG. 
RCLL PANEL VER 

5800.0 

45.1 

5206.8 

48.1 

136 

DCS COMMAKC EXECUTE ♦ 135CEG. 
ROLL PANECVER 

6231.0 

126.1 

5637.8 

129.1 

139 

DCS COMMANC EXECUTE ♦ 45 CEG. 
KCLl PANELVER 

6930.0 

125.1 

8336.8 

128.1 

160 

CCS CUMMANC EXECUTE - 45 CEC. 
ROLL PANEUVER 

12980.0 

125.1 

12386.8 

128. 1 

141 

DCS COMMANC EXECUTE ♦ 90 DEG . 
ROLL PANELVER 

14280.0 

125. 1 

13686.8 

128.2 

142 

IU/S-IV& CEORBIT COMMAND 

15886.0 

-27C6.9 

15292.8 

-2705.8 

143 

START OF TIPE BASE 5 1 T5 1 

19193.3 

0.6 •• 

0.0 

0.0 

144 

ENGINE ME CC NT ACL VALVE OPEN 
CN 1 START LCX CUMP) 

15227.3 

C.6** 

34.0 

0.0 

145 

tNGINE MA INST ACE C^TROL 
VALVE OPEN CFF 1ENC LCX DLPF) 

15672.2 

C.5 ** 

476.9 

-0. 1 

146 

ENGINE ME CCNTRCL VALVE 
OPEN ON tSTART F2 DUMPI 

15702.3 

C.t** 

509.0 

0.0 

147 

ENGINE IGNITION PHASE CONTROL 
VALVE CLCSE tSTCP H2 JUPPI 

2C292. 3 

C.6** 

1099.0 

0. 0 

1-.8 

S-IVE/IU IMPACT 

21692.0 

42.7** 

21098.8 

45.8 


** BASED ON REAL-TIME PREDICTIONS, REFERENCE SECTION 5 
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Table 2-3. Variable Time and Comnanded Switch Selector Events 


FUNCTION 

STAGE 

RANGE 

TIME 

(SEC) 

TIME 

FROM 

8ASE (SEC) 

REMARKS 

Water Coolant Valve 
Closed 

IU 

480.1 

T3 +339.4 

LVDC Function 

Telemetry Calibrator 
In-Fliqht Calibrate ON 

IU 

676.8 

T4 +83.6 

Bermuda Revolutl. ; 1 

TM Cal ibrate ON 

S-IVB 

679.8 

T4 +86.6 

Bermuda Revolution 1 

TM Calibrate OFF 

S-IVB 

680.8 

T4 +87.6 

Bermuda Revolution 1 

Telemetry Calibrator 
In-Flight Calibrate OFF 

IU 

681.8 

T4 +88.6 

Bermuda Revolution 1 

S-150 TM Time Correla- 
tion ON 

IU 

3177.8 

T4 +2584.6 

LVDC Function 

S-150 TM Time Correla- 
tion OFF 

IU 

3178.8 

T4 +2587.7 

LVDC Function 

Telemetry Calibrator 
In-Flight Calibrate ON 

IU 

6724.8 

T4 +6131.7 

Madrid Revolution 2 

TM Calibrate ON 

S-IVB 

6727.8 

T4 +6134.7 

Madrid Revolution 2 

TM Calibrate OFF 

S-IVB 

6728.8 

T4 +6135.7 

Madrid Revolution 2 

Telemetry Calibrator 
In-Flight Calibrate OFF 

IU 

6729.8 

T4 +6136.7 

Madrid Revolution 2 

S-150 TM Time Correlation 
ON 

II' 

6777.8 

T4 +6184.7 

LVDC Function 

S-150 TM Time Correlation 
OFF 

IU 

*> 

6778.8 

T4 +6185.7 

LVDC Function 

S-150 Calibrate Command 
ON 

IU 

9150.9 

T4 +8557.8 

LVDC Function 

S-150 Calibrate Command 
OFF 

IU 

9155.9 

T4 +8562.7 

LVDC Function 

S-150 TM Time Correlation 
ON 

IU 

12,177.8 

T4 +11,584.7 

LVDC Function 

S-150 TM Time Correlation 
OFF 

IU 

12,178.8 

T4 +11,585.6 

LVDC Function 

Telemetry Calibrator 
In-Flight Calibrate ON 

IU 

12,260.8 

T4 +11,667.7 

Canary Revolution 3 

TM Calibrate ON 

S-IVB 

12,263.8 

T4 +11,670.7 

Canary Revolution 3 
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Table 2-3. Variable Time and Comnanded Switch Selector Events (Continued) 


FUNCTION 

STAGE 

RANGE 

TIME 

(SEC) 

TIME 

FROM 

BASE (SEC) 

REMARKS 

TM Calibrate OFF 

S-IVB 

12,264.8 

T4 +11,671.7 

Canary Revolution 3 

Telemetry Calibrator 
In-Flight Calibrate OFF 

IU 

12,265.8 

T4 +11,672.7 

Canary Revolution 3 

S-150 Calibrate Command 
ON 

IU 

14,550.9 

T4 +13,957.7 

LVDC Function 

S-150 Calibrate Conmand 
OFF 

IU 

14,555.9 

T4 +13,962.7 

LVDC Function 

Telemetry Calibrator 
In-Flight Calibrate ON 

IU 

15.948.9 

T4 +15,355.8 

Hawaii Revolution 3 

TM Calibrate OFF 

S-IVB 

1 5,952'. 9 

T4 +15,359.8 

Hawaii Revolution 3 

Telemetry Calibrator 
In-Flight Calibrate OFF 

IU 

15,953.9 

T4 +15,360.8 

Hawaii Revolution 3 

Telemetry Calibrator 
In-Flight Callbarate ON 

IU 

17,774.8 

T4 +17,181.7 

Canary Revolution 4 

TM Calibrate ON 

S-IVB 

17,775.8 

T4 +17,182.7 

Canary Revolution 4 

TM Calibrate OFF 

S-IVB 

17,776.8 

T4 +17,183.7 

Canary Revolution 4 

Telemetry Calibrator 
In-Flight Calibrate OFF 

IU 

17,778.8 

T4 +17,185.7 

Canary Revolution 4 
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SECTION 3 


LAUNCH OPERATIONS 


3.1 SUMMARY 

The performance of ground systems supporting the SA-207/Skylab-3 countdown 
and launch was satisfactory although some concern was expressed during pre- 
launch countdown about S— IB LOX venting. This is discussed in paragraph 
3. 4.2.1. 

The space vehicle was launched at 7:10:50 Eastern Daylight Time (EDT) 
on July 28, 1973, from Pad 39B of the Kennedy Space Center (KSC), Saturn 
Complex. Damage to the pad. Launch Umbilical Tower (LUT) and support 
equipment was considered minimal. 

3.2 PRELAUNCH MILESTONES 

A chronological summary of prelaunch milestones is contained in Table 

3-1. All stages, S-IB, S-IVB and Instrument Unit (IU) performed satisfactorily. 

The S-IB LOX venting anomaly is discussed in paragraph 3. 4. 2.1. 

3.3 TERMINAL COUNTDOWN 

The SA- 207/ Sky lab- 3 terminal countdown was picked up at T-59 hours (count- 
down clock time) on July 25, 1973. Scheduled holds were initiated at 
T-3 hours 30 minutes for a duration of 60 minutes and at T-15 minutes for 
a duration of 2 minutes. The space vehicle was launched on schedule at 
7:10:50 EDT on July 28, 1973. 

3.4 PROPELLANT LOADING 

3.4.1 RP-1 Loading 

The RP-1 system successfully supported countdown and launch. Fuel was 
placed on board the S-IB stage on July 11, 1973. Tail Service 
Mast fill and replenish was accomplished at T-8 hours and level adjust/ 
line inert at about T-l hour. Both operations were completed satisfac- 
torily as planned. Launch countdown support consumed 41,604 gallons of 
RP-1. 

The fuel temperature probe configuration in S-IB Stage Tank F-4 was changed 
prior to launch due to an intermittent resistance thermometer element. The 
configuration change electrically removed the intermittent operating 
element, leaving the two lower probes connected in parallel to provide one 
temperature output. 
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Table 3-1. SA-207/Skylab-3 Prelaunch Milestones 


DATE 

ACTIVITY OR EVENT ! 

August 26, 1971 

S-IVB-207 Stage Arrival 

Dec. 1, 1972 

Comnand Service Module (CSM) 117 Arrival 

March 30, 1973 

S- IB-7 Stage Arrival 

April 4, 1973 

S-IB Erection on Mobile Launcher (ML)-l 

May 8, 1973 

Instrument Unit (IU) S-IU-208 Arrival 

May 28, 1973 

S-IVB Erection 

May 29, 1973 

IU Erection 

June 2, 1973 

Launch Vehicle (LV) Electrical Systems Test Complete 

June 11 , 1973 

LV Transfer to Pad B 

June 12, 1973 

Space Vehicle (SV) Electrical Mate 

June 19, 1973 

LV Propellant 01 sperslon/Mal function Overall Test 
(OAT) 

June 20, 1973 

SV OAT 1 (Plugs In) 

June 29, 1973 

SV Flight Readiness Test (FRT) Complete 

July 11, 1973 

RP-1 Loaded 

July 20, 1973 

Countdown Demonstration Test (CDDT) Completed (Wet) 

July 28, 1973 

SL-3 Launch 


The fuel temperature was monitored during the launch countdown and at T-l 
hour, a final fuel temperature of 66.0°F was projected to ignition. The 
final fuel density was obtained using the projected temperature. 

At approximately 8 1/2 hours prior to launch, the level In the fuel 
tanks was raised from 600 inches to the level of the overfill sensor 
(637.2 inches) to ensure that the final fuel level adjust would be a 
drain. When the overfill sensor indication was received, the Propellant 
Tanking Computer System (PTCS) mass readout indicated that the level in 
the fuel tanks was approximately 83 gallons (+1.24 Inches) above the overfill 
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sensor level. This corresponds to an error in the load of approximately 
555 pounds. A bias was input to the PTCS, successfully correcting for 
this error. 

3.4.2 LOX Loading 

The LOX loading system successfully supported countdown and launch. The 
fill sequence began with S-IB chilldown July 27, 1973, and was completed 
1 hour 50 minutes later with all stage replenish. Replenish was auto- 
matic through the Terminal Countdown Sequencer (TCS) without Incident. 

LOX consumption during launch countdown was 110,000 gallons. 

3. 4. 2.1 S-IB LOX Venting During Countcjwn 

During the LOX replenishing sequence, LOX was reported emanating randomly 
and independently from the four outboard tank vent valves from approxi- 
mately T-5.5 hours to vent closure at T-2 minutes 43 seconds. During video 
and motion picture coverage of 30 minutes of the countdown beginning at 
T-l hour, it appeared that liquid oxygen was erupting from the vent open- 
ings of tanks 3 and 4. Alternate camera positions showed what appeared to 
be LOX emanating from tank 1 and 2 vents, but in that case It could not 
be determined which specific tank was discharging. Approximately 40 dis- 
charges were counted during the period covered by the film, equally dis- 
tributed between tanks 3 and 4. LOX was not observed venting from the center 
LOX tank. Figure 3-1 Is a series ct photographs showing the venting from 
the outboard tanks. 

Reconstructed flight performance, as it pertains to the problem, shows 
nothing unusual. Actual LOX load was within 76 pounds of predicted at 
ignition command, and LOX pump Inlet temperature averaged throughout 
flight 0.12°F warmer than predicted. Time required to prepressurize 
the LOX tank was 73 seconds, the same as during the CDDT, which indicated 
normal ullage volume. The surface wind during the countdown was light. 
Temperature and relative humidity at the NASA 150 M ground wind tower were 
75.0°F and 93 percent, respectively. 

Figure 3-2 depicts the relative heights of liquid In the center tank and 
a windward outer tank. Restricted flow through the 4- in center tank vent 
valve causes a differential pressure between the tank ullages that is de- 
pendent on heat transfer rate and causes an adjustment In liquid levels. 

Note that with a nominal wind speed of 9.2 knots, the windward outer tank 
LOX level is approximately 2.7 Inches above the center tank LOX level and 
23.4 inches below the bottom of the vent duct. A wind increase to 34 
knots (maximum expected) would cause the outer tank LOX level to Increase 
approximately 4 inches while the center tank LOX level would be unchanged. 
Therefore, it is clear that even with such an extreme condition the steady 
state liquid level is substantially below the vent. 

Instrumentation to detect or Investigate the phenomenon is Inadequate 
because its Intended use was for flight evaluation. However, the eight 
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Figure 3-2. Center LOX Tank - Outboard LOX Tank Relationship 





LOX pump Inlet temperatures (one per engine) were reviewed together with 
the Engine No. 1 LOX pump inlet pressure for the 8-hour period prior to 
launch. This period covered start of LOX loading until liftoff. Addi- 
tionally, center LOX tank ullage pressure was scrutinized for any unusual 
fluctuations which could be related to the discharges seen on the film. 

None were noted during the 8-hour period. The overfill sensor, located 
21 inches below the vent duct, did not indicate liquid presence during 
LOX loading. None of these measurements indicated any unusual conditions 
which would explain the apparent LOX venting. 

Review of films taken during SA-206 countdown revealed similar occurrences; 
however, similar eruptions were not observed during the Countdown 
Demonstration Test (CDDT) for either SA-206 or SA-207. This Indicates 
the problem Is not stage oriented because no stage hardware changes were 
made between these two events. While the cause Is not known, the apparent 
LOX venting phenomenon had no effect on flight performance or vehicle or 
ground hardware. All exposed stage and ground hardware Involved Is 
capable of satisfactory operation after LOX contact of the type experienced 
and no corrective action is necessary for stage performance. The only 
concern is for personnel safety during astronaut boarding. 

For the SA-208 countdown, a procedural change will be Incorporated In real 
time if LOX is venting prior to astronaut boarding. The LOX level will 
be reduced by boil off and the additional mass required for flight 
replenished later in the countdown. 

3.4.3 LH2 Loading 

The LH 2 system successfully supported countdown and launch. The fill 
sequence began at 00:37:00 EDT, July 28, 1973, and was completed when 
normal S-IV8 replenish was established at 01:26:00 EDT. Replenish was 
nominal and was terminated at the start of terminal countdown sequence. 
Launch countdown support consumed about 125,000 gallons of LHg. 

3.5 GROUND SUPPORT EQUIPMENT 

3.5.1 Ground/ Vehicle Interface 

In general, performance of the ground service systems supporting all stages 
of the launch vehicle was satisfactory. Overall damage to the pad, LUT, 
and support equipment from blast and flame Impingement was considered 
minimal. Detailed discussion of the Ground Support Equipment Is contained 
in KSC Skylab/Satum IB (SA-207) "Ground Support Evaluation Report." 

The Propellant Tanking Computer Systems (PTCS) adequately supported all 
countdown operations and there was no launch damage. 

The Environmental Control Systems (ECS) performed satisfactorily throughout 
the countdown and launch. Changeover from air to GN 2 occurred at 21:55:00 
EDT on July 27, 1973. 
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The Service Arm Control Switches (SACS) satisfactorily supported SL-3 
launch and countdown. The SAC No. 3 primary switch closed at 25? milli- 
seconds and SAC No. 7 primary switch closed at 261 milliseconds after 
cormrit. There were no problems and only a minimal amount of heat and 
blast damage to the SACS. 

The Hydraulic Charging Unit and Service Arms (S/A's 1A, 6, 7 and 8) 
satisfactorily supported the SL-3 countdown and launch. Performance 
was nominal during terminal count and liftoff. 

The damping systems supported the countdown and launch. There were no 
system failures. 

The DEE-3 and DEE-6 systems satisfactorily supported all countdown operation. 
There was no system damage. 

3.5.2 MSFC Furnished Ground Support Equipment 

All Ground Power and Battery equipment supported the prelaunch operations 
satisfactorily. All systems performed within acceptable limits. The 
Hazardous Gas Detection System successfully supported SL-3 countdown. 
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SECTION 4 


TRAJECTORY 


4.1 SUMMARY 

The Skylad-3 vehicle was launched at 7:10:50 a.m. Eastern Daylight Time, 
July 28, 1973, from Pad 39B at Kennedy Space Center. The vehicle was 
launched on an azimuth of 90 degrees east of north. A roll maneuver 
was initiated at approximately 1C seconds that placed the vehicle on a 
flight azimuth of 45.003 degrees east of north. The down range pitch 
program was also initiated at this time. 

The reconstructed flight trajectory (actual) was very close to the Post 
Launch Operational Trajectory (nominal). The S-JB stage powered the 
vehicle until Outboard Engine Cutoff (OECO) at 140.73 seconds which was 
1.13 seconds later than nominal. The total space-fixed velocity at this 
time was 0.19 m/s less than nominal. After separation, the S-IB stage 
continued on a ballistic trajectory until earth impact. The S-IVB burn 
terminated with guidance cutoff signal and was followed by parking orbit 
insertion, both 3.14 seconds earlier than nominal. An excess velocity 
of 0.75 m/s at insertion resulted in an apogee 2.16 km higher than 
nominal . 

The parking orbit portion of the trajectory from insertion to CSM/S-IV8 
separation was close to nominal. The astronaut initiated separation of 
the CSM from the S-IVB stage occurred at 1080.4 seconds, 124.2 seconds 
later than nominal. 

4.2 TRAJECTORY EVALUATION 

4.2.1 Ascent Phase 

The ascent phase is defined as the interval from guidance reference release 
(-16.953 seconds) through parking orbit insertion (602.93 seconds). 

The ascent trajectory was established by utilizing telemetered guidance 
velocity data as generating parameters to fit the tracking data from 
five C-Band stations, listed in Table 4-1. Approximately 3 percent of 
the C-Band tracking data was rejected due to inconsistencies. The initial 
launch phase (from first motion to 20 seconds) was established by a least 
squares curve fit of the initial portion of the ascent trajectory. Com- 
parisons between the resultant best estimate trajectory and the avail- 
able tracking data show consistency and good agreement. 

Telemetered guidance data were used as a model for obtaining proper 
velocity and acceleration profiles during the transient periods of 
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Table 4-1. Summary of Available Tracking Data 


DATA SOURCE, TYPE 

PHASE 

RANGE TIME INTERVAL 
(SEC) 

Bermuda, C-Band 

Ascent 

380 - 610 

Bermuda, C-Band 

Orbi tal 

250 - 712 

Bermuda, S-Band 

Orbital 

230 - 730 

Cape Kennedy, C-Band 

Ascent 

5 - 424 

Hawaii, C-Band 

Orbital 

15,886 - 16,186 

Merritt Island, C-Band 

Ascent 

5 - 507 

Patrick, C-Band 

Ascent 

25 - 504 

Tananarive, C-Band 

Orbital 

7828 - 8176 

Tananarive, C-Band 

Orbital 

13,390 - 13,660 

Wallops Island, C-Band 

Ascent/Orbital 

255 - 648 


Mach 1, maximum dynamic pressure, S-IB thrust cutoff, and S-IVB thrust 
cutoff. 

Actual and nominal altitude, cross range, and surface range for the boost 
phase are presented In Figure 4-1. Figure 4-2 presents similar compari- 
sons of space fixed velocity and flight path ano 1 *. Comparisons of actual 
and nominal total inertial accelerations are disp ayed In Figure 4-3. 
Inspection shows the actual was very close the nominal values. 

Table 4-2 presents the trajectory condi ti .is at engine cutoffs. Tra- 
jectory parameters at significant events are presented In Table 4-3. 

Table 4-4 presents significant parameters at the S-IB/S-IVB and S-IVB/ 

CSM separation events. 

The S-IB stage OECO comnand was Issued at 140.73 seconds as a result of 
LOX depletion. The S-IVB cutoff signal was Issued by the Launch Vehicle 
Digital Computer (LVDC) when end conditions were satisfied at 592.93 
seconds. 

Mach number and dynamic pressure history comparisons are shown in Figure 
4-4. These parameters were calculated using the reconstructed trajectory 
data and measured meteorological data to an altitude of 62 km. Above 
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Figure 4-1. Ascent Trajectory Position Comparison 
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Figure 4-3. Ascent Trajectory Acceleration Comparison 



Table 4-2. Comparison of Cutoff Events 


— 

PMWCTER 

S-IB (ECO 

S-IB OECO 

S-IV8 CCS 

ACTUAL 

NOMINAL 

ACT-NOM 

ACTUAL 



ACTUAL 


ACT-NOM 

Range Tine (tec) 

137.36 

136.60 

0.76 

140.73 

139.60 

1.13 

592.93 

596.07 

-3.14 

Altitude (kn) 

55.41 

55.90 

-0.49 

58.71 

58.87 

-0.16 

158.38 

158.52 

-0.14 

Space-Fixed Velocity («/t) 

2239.27 

2244.39 

-6.12 

2301.84 

2302.03 

-0.19 

7829.73 

7829.54 

0.19 

Flight Path Angle (deg) 

25.613 

25.927 

-0.314 

25.053 

25. 402 

-0.350 

-0.013 

•0.008 

- 0 . 00 r - 

Heading Angle (deg) 

53.150 

53.089 

0.061 

52.911 

52.871 

0.040 

55.803 

55.900 

■•>.097 

Surface Range (kn) 

57.30 

57.05 

0.25 

63.13 

62.23 

O.SC 


idtj.62 

-16.06 

Cross Range (kn) 

-0.27 

•0.49 

0.22 

-0.30 

-0.52 

0.22 


* 10.11 

0.10 

Cross Range Velocity (n/s) 

-8.42 

-10.50 

2.06 

-8.47 

-10.58 

2.11 


119.37 

-1.19 


Table 4-3. Comparison of Significant Trajectory Events 


EVENT 

PARAMETER 

ACTUAL 

NOMINAL 

ACT-NOM 

First Notion 

Range Time, sec 

0.28 

0.28 



Total Inertial 

12.272 

12.353 

•0.081 


Acceleration, m/s 2 




Mach 1 

Range Time, sec 

59.00 

57.94 

1.06 


Altitude, km 

7.54 

7.37 

0.17 

Maximum Dynamic Pressure 

Range Time, sec 

75.00 

73.00 

B3 


Dynamic Pressure, n/cm 2 

3.523 

3.454 

0.069 


Altitude, km 

13.17 

12.60 

0.57 

•Maximum Total Inertial 

Range Time, sec 

137.346 

136.595 

0.751 

Acceleration: S-IB 

Acceleration, m/s 2 

42.733 

43.147 

-0.414 

S-IVB 

Range Time, sec 

592.930 

596.070 

-3.140 


Acceleration, m/s2 

27.866 

27.543 

0.323 

Maximum Earth-Fixed 

Range Time, sec 

141.00 

140.28 

0.72 

Velocity: S-IB 






Velocity, m/s 

2028.24 

2027.85 

0.39 

S-IVB 

Range Time, sec 

596.00 

598.28 

•2.28 


Velocity, m/s 

7533.97 

7533.15 

0.82 

•Nearest Time Points Available J 


























Table 4-4. Comparison of Separation Events 


PARAMETER 

S-IB/S-IVB 

S-] 

[ VB/CSM 


ACTUAL 

NOMINAL 

ACT-N0M 

ACTUAL 

NOMINAL 

ACT-NOM 

Range Time (sec) 

142.02 

140.90 

1.12 

1080.44 

956.27 

124.17 

Altitude (km) 

59.97 

60.16 

-0.19 

169.36 

165.80 

3.56 

Space-Fixed Velocity (m/s) 

2302.95 

2302.07 

0.88 

7826.45 

7829.74 

-3.29 

Flight Path Angle (deg) 

24.806 

25.152 

-0.346 

0.198 

0.146 

0.052 

Heading Angle (deg) 

52.900 

52.864 

0.036 

88.581 

78.540 

10.041 

Geodetic Latitude (deg. North) 

29.046 

29.042 

0.004 

50.183 

49.224 

0.959 

Longitude (deg* West) 

80.148 

80.157 

-0.009 

22.624 

35.266 

-12.642 

Surface Range (km) 

65.42 

64.51 

0.91 

— 

— 

-- 

Cross Range (km) 

-0.31 

-0.53 

0.22 

— 

— 

-- 

Cross Range Velocity (m/s) 

-8.44 

-10.55 

2.11 

-- 

— 

-- 
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this altitude the U. S. Standard Reference Atmosphere was used. 

A theoretical free flight trajectory was computed for the spent S-IB 
stage, using initial conditions from the actual trajectory at S-IB/ 

S-IVB separation signal. Three trajectories were integrated from that 
point to impact using nominal retro-motor performance and outboard engine 
decay data. The three trajectories incorporate three different drag 
conditions for 1) stabilized at zero angle of attack (nose forward), 

2) tumbling stage, and 3) stabilized at 90 degree angle of attack 
(broadside). Tables 4-5 and 4-6 summarize the results of these simu- 
lations and present the impact envelope. Tracking data were not avail- 
able, but previous flight data indicate the tumbling drag trajectory 
to be a close approximation to actual flight. The calculated impact 
for the tumbling drag trajectory was 31.737 degrees north latitude, 

76.907 degrees west longitude, at 539.93 seconds range time. 


Table 4-5. Comparison of S-IB Spent Stage Impact Point 


PARAMETER 

ACTUAL 

NOMINAL 

ACT-NOM 

Range Time (Sec) 

539.93 

541.11 

-1.18 

Surface Range (km) 

496.67 

498.05 

-1.38 

Cross Range (km) 

1.12 

-0.10 

1.22 

Geodetic Latitude (deg, 
North) 

31.737 

31.754 

-0.017 

Longitude (deg. West) 

76.907 

76.905 

0.002 

NOTE: Data reflects simulation of tumbling stage. 



Table 4-6. S-IB Spent Stage Impact Envelope 


PARAMETER 


DRAG SIMULAtlON 


H SSaEfflJSHii 


BROADSIDE 

Range Time (sec) 

478.08 

539.93 


Surface Range (km) 

508.69 

496.67 

488.37 

Cross Range (km) 

1.28 

1.12 

1.03 

Geodetic Latitude (deg. 
North) 

31.81 

31.74 

31.69 

Longitude (deg. West) 

76.81 

76.91 

76.97 
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4.2.2 Parking Orbit Phase 

The parking orbit originates at orbit insertion and terminates at S-IVB/ 

CSM separation. 

Orbital tracking was conducted by the National Aeronautics and Space 
Administration (NASA) Space Tracking and Data Network. One C-Band 
(Bermuda) and one S-Band station (Bermuda) were available for tracking 
coverage during the first revolution. Tananarive provided second and 
third revolution coverage while Hawaii provided additional third revolution 
coverage. Some high speed tracking data beyond insertion were available 
from Wallops Island. These data were edited to provide additional 
orbital tracking information. The trajectory parameters at orbital 
insertion were established by adjusting the preliminary estimate to fit 
the orbital tracking data. A comparison of the actual and nominal 
parking orbit insertion parameters are delineated in Table 4-7. Figure 
4-5 presents the SL-3 ground track from liftoff through CSM separation. 

Table 4-7. Comparison of Orbit Insertion Conditions 


PARAMETER 

ACTUAL 

NOMINAL 

ACT-N0M 

Range Time (sec) 

602.93 

606.07 

-3.14 

Altitude (km) 

158.52 

158.67 

-0.15 

Space-Fixed Velocity (m/s) 

7836.81 

7836.06 

0.75 

Flight Path Angle (deg) 

0.001 

0.003 

-0.002 

Heading Angle (deg) 

56.268 

56.366 

-0.098 

Cross Range (km) 

11.42 

11.34 

0.08 

Cross Range Velocity (m/s) 

125.10 

126.32 

-1.22 

Inclination (deg) 

50.028 

50.031 

-0.003 

Descending Node (deg) 

154.492 


-0.003 

Eccentricity 

0.0058 


0.0002 

Apogee Altitude (km) 

226.29 

224.13 

2.16 

Perigee Altitude (km) 

149.87 

149.97 

-C.10 

er'od (min) 

88.25 

88.23 

0.02 

i 

Geodetic Laviu>-;r (dey, Non- j 

:^.60S 

39.698 

0.08? j 

LongituJe ide Jest' ! 

f,l IS* 



05.00: 

1 

v *' ’ 
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SECTION 5 


S-IVB/IU DEORBIT TRAJECTORY 


5.1 SUMMARY 

All aspects of the S-IVB/IU deorbit were accomplished successfully. The 

propellant dump was modified during real time to establish a reentry traj- 

jectory that would enable observation by Kwajalein. This modified plan 
was accomplished. The velocity change obtained for deorbit was very 
close to the real-time predicted value. The breakup altitude was 81.7 km, 
and impact in the primary disposal area. 

5.2 DEORBIT MANEUVERS 

Timebase 5 (TB5) was initiated as scheduled by a ground convnand and started 
the S-IVB/IU deorbit events at 19,193.3 seconds (310 minutes past Time- 
base 4). A real-time decision was made to extend the LH? tank dump duration 
in order to improve telemetry coverage of the deorbit, while providing 
a reentry trajectory allowing Kwajalein to observe breakup. The S-IVB/IU 
ground track during deorbit with the areas of telemetry coverage are 
indicated in Figure 5-1. 

The velocities achieved from the LOX and LH? tank dumps are presented 
in Figure 5-2 and summarized in Table 5-1. The capabilities predicted in 
real-time are shown for comparison. As indicated, the actual velocity 
was only 0.8% greater than predicted. Refer to Section 7.9 for detailed 
discussion of deorbit propulsion performance. 

5.3 DEORBIT TRAJECTORY EVALUATION 


The S-IVB/IU orbit trajectory from Conmand Service Module (CSM) separa- 
tion to TB5 was reconstructed using the Tananarive and Hawaii C-band radars 
during revolutions 2 and 3. The available tracking data from these sites 
are included in the tracking data sunmary presented in Section 4. A TBS 
state vector was obtained from the orbit trajectory reconstruction (actual), 
and then utilized in simulations of the propellant dump and subsequent 
reentry trajectory to impact assuming no breakup. Orbit trajectory condi- 
tions at TB5 are presented in Table 5-2. A comparison of the actual 
trajectory and the real-time predicted shows good agreement at this point. 
This is further illustrated in Figure 5-3 showing the real-time predicted 
altitute versus range time compared to the postflight reconstructed 
altitude profile which deviates from the real-time only at the very end. 
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figure 5-2. S-IVB/IU Oeorbit Velocity Change 
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Table 5-1. S-IVB/IU Propellant Dump Velocity Changes 



ACTUAL 

REAL-TIME 

PREDICTED 

ACT-RT 

LOX Dump AV (m/s) 

21.78 

21.63 

0.15 

LH2 Dump A V (m/s) 

9.97 

9.86 

0.11 

Total Dump aV (m/s) 

31.75 

31.49 

0.26 


LOX Dump Duration * 445 Seconds 
LH 2 Dump Duration * 590 Seconds 


Table 5-2. S-IVB/IU Orbit Trajectory Components at TB5 



ACTUAL 

REAL TIKE 
PREDICTION 

ACT - RT 

Range Time (sec) 

19,193.3 
(TB4 +310 min] 

19,192.7 

0.6 

Radius (km) 

6599.09 

6596.34 

2.75 

Space-Fixed Velocity (m/s) 

7749.42 

7751.75 

-2.33 

Flight Path Angle (deg) 

-0.056 

-0.059 

0.003 

Latitude (deg. South) 

42.02 

42.32 

-0.30 

Longitude (deg, East) 

41.43 

41.67 

-0.24 
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ALTITUDE 



Kwajalein radar tracking data established the S-IVB/IU breakup as 
occurring at 21,175 seconds. The simulated reentry trajectory 
was compared to the Kwajalein data at this time point. Table 5-3 
presents these data, which show reasonable agreement of the breakup 
location. It should be noted that the Kwajalein site tracked for 
only a short time and the time of loss of signal has been selected 
as the most accurate indicator of the breakup time. 

5.4 IMPACT 

The simulated reentry trajectory discussed above provided the ini- 
tial conditions for establishing the limits of the impact area. The 
limits to the impact area were defined by simulation assuming a 
range of ballistic coefficients ( w /CnA) from 47 to 650 kg/m2. Table 
5-4 presents the short range, nominal, and long range impact point co- 
ordinates as they occurred in the plane of the trajectory. These data 
show that the impact area was approximately 500 n mi in length and well 
within the planned disposal area. 

Table 5-3. S-IVB/IU Deorbit Position at Breakup 



POST FLIGHT 
RECONSTRUCTED 

KWAJALEIN 

OBSERVED 

Altitude (km) 

81.7 

81.7 

Latitude (deg. North) 

14.86 

15.39 

Longitude (deg. East) 

176.49 

176.96 


Table 5-4. SA-207 S-IVB Impact Disperson Limits 



SHORT 

RANGE 

NOMINAL 

LONG 

RANGE 

Range Time (sec) 

21,756. 

21,650. 

21,593. 

Latitude (deg. North) 

21.73 

23.75 

27.51 

Longitude (deg. West) 

177.43 

175.50 

171.60 
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SECTION 6 


S-IB PROPULSION 


6.1 SUMMARY 

The S-IB stage propulsion system performed satisfactorily throughout 
flight. The one propulsion anomaly (possible LOX emanation from the 
LOX tank vents) occurred during countdown and had no effect on the 
countdown operations or flight performance. Stage longitudinal site 
thrust and mixture ratio averaged 0.68 percent and 0.27 percent lower 
than predicted, respectively. Stage LOX, fuel and total flowrate 
averaged 0.75 percent, 0.49 percent and 0.68 percent lower than pre- 
dicted, respectively. Stage specific Impulse was within 0.1 percent 
of predicted. Inboard Engine Cutoff (IEC0) occurred at 137.36 seconds 
(0.76 seconds later than predicted). Outboard Engine Cutoff (0EC0) 
was Initiated 3.37 seconds after IEC0 by thrust OK pressure switch 
deactuation as planned at 140.73 seconds. At CEC0, the LOX residual 
was 2960 Ibm compared to the predicted 3311 lbm and the fuel residual 
was 6145 lbm compared to the predicted 5988 lbm. The stage hydraulic 
system performed satisfactorily. 

6.2 S-IB IGNITION TRANSIENT PERFORMANCE 

All eight engines Ignited satisfactorily. The automatic Ignition sequence, 
which schedules the engines to start In pairs with a 100-mllllsecond 
delay between each pair, began with time for Ignition comnand at -3.064 
seconds range time. The start sequence that occurred was close to 
optimum. The maximum spread In the start time, defined by the Inter- 
section of the maximum chamber pressure or thrust buildup slope with 
the zero line (Pc prime times) of engines within a pair was 15 milli- 
seconds and was between engines 5 and 7 (first pair of engines). The 
smallest Interval In the planned 100-mi 111 second sequence between 
pairs was 80 milliseconds and was between the third and fourth pair 
(specifically, between Engines 3 and 4). 

Table 6-1 compares predicted and actual start event times. The Indivi- 
dual engine thrust buildup curves are shown In Figure 6-1. The thrust 
values shown are the total engine thrusts and do not account for cant 
angles. 


6.3 S-IB MAINSTAGE PERFORMANCE 

S-IB malnstage flight performance was satisfactory although slightly 
lower than predicted as shown In Figure 6-2. Stage longitudinal site 
thrust, averaged 12,350 pounds (0.68 percent) lower than predicted. 
The stage specific Impulse during flight was the same as predicted to 
the nearest 0.1 Ibf-s/lbm. Stage mixture ratio averaged 0.0063 (0.27 
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ine Start Characteristics 


Table 6-1 . S-IB Eng 


£ UG INE. POSITION 
Aii'O Si. RIAL 
NUMBER 

TIME. IGNITION 
C0ftW.NO TO ENGINE 
IGNITION SIGNAL ''MSEC) 

TIME. ENGINE IGNITION 
SIGNAL TO THRUST 
CHAMBER IGNITION 
\ MSEC 1 

T I** , ENGINE IGNITION 
SIGNAL Tr ' P- PR I**f 

(MSEC! 

| ACTUAL il) 

PR0GRA»€D 

ACTUAL 

NOMINAL 

ACTUAL 

nominal 

t> 

h-;j78 


100 

529 

584 ' ' ; 

832 

8 

7S i: ' . 

7 


1 

100 

529 



847 



b 

H-4u74 

l 

200 

540 



850 



5 

h-4076 

204 

000 

530 



855 



2 

H-707S 

306 

300 

543 



850 



- 

h- 7: 7-1 

30 1 

30C 

538 



961 



1 

H- 70S J 

406 

A 00 

539 



853 



Ll 

H-7C7o 

40S 

400 

509 



342 




(1) Valjes referenced to even; "Time for Ignition Comnand". 

12 ) Values presented are mean values 5-IB-6 through S-IB- 1 *. static test. 


percent) lower than predicted. Total propellant flowrate averaged 
43.1 lbm/sec (0.68 percent) lower than predicted. These averages were 
taken between range time zero and I ECO. 

The lower than predicted site thrust and flowrates were primarily the 
result of tne engines performing at lower power levels than expected 
for rated operating conditions and colder fuel than predicted. 

Table 6-2 summarizes the S-IB engines propulsion performance, com- 
pared to the predicted performance when reduced to standard sea level 
conditions. 

The average sea level thrust and propellant flowrates were 0.45 percent 
lower than predicted values which are much closer to the predictions 
than those of SA-206 where the thrust and propellant flowrates were 0.88 
and 0.67 percent lower, respectively. 

Postflight evaluation of Saturn IB vehicles SA-201 through SA-205 
showed the flight thrust and flowrates to be significantly higher 
than thrust and flowrates experienced during ground tests, when re- 
duced to standard sea level conditions. Consequently, the flight 
predictions, based on ground test levels, were biased upwards to com- 
pensate for this phenomenon and thus more accurate flight predictions 
were achieved through vehicle SA-205. SA-206 flight exhibited a con- 

trary trend as the thrust was lower then the levels experienced during 
ground tests. SA-206 postflight analysis was inconclusive as to the 
cause of the contrary flight thrust trend which could have been (1) 
the unique flight performance of the uprated engine: (205 klbf) first 
used on SA-206 or (2) the known inconsistencies in the various SA-206 
engine and stage ground tests. Since the thrust levels of SA-207, which 
also utilize uprated engines, were in agreement with the earlier flights 
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it is now more apparent that the established trend of high flight thrust 
than ground thrust is valid for the 205 klbf engines and that the SA-206 
lower flight thrust was probably due to the inconsistencies in the 
different ground tests and the subsequent effect of these inconsis- 
tencies on the predicted flight levels. 

The lower than predicted propellant flowrates caused IECO to be 0.76 
second later than predicted. The lower flowrates and a greater than 
predicted differential between the center and outboard 10X levels at 
the time of level sensor actuation caused OECO to occur 3.37 seconds 
after IECO instead of the predicted 3.0 seconds. 


Engine No. 7 turbopump gearcase lubricant pressure experienced 
shifts of +7 and -7 psi at 29 and 44 seconds. These pressure steps are 
not unusual, the same type having been observed on Engine No. 1 of 
SA-206, Engine No. 2 of SA-205, and 45 instances during single engine 
static tests. These shifts are attributed to partial restriction of 
individual turbopump bearing jets by particles remaining in the lube 
system cored passages from the casting process, or introduced during 
turbopump assembly. No evidence of damage due to jet restriction has 
been experienced or would be expected because redundancy 1$ provided 
by multiple lubrication jets (three per bearing) In addition to splash 
lubrication from the gears to the bearings. 

6.4 S-IB SHUTDOWN TRANSIENT PERFORMANCE 

The cutoff sequence on the S-IB- 7 stage began at 134.35 seconds with 
the actuation of the low-level sensors in LOX tank 02. IECO was initiated 
3.01 seconds later by the Launch Vehicle Digital Computer (LVDC) at 
137.36 seconds. Thrust decay on each inboard engine was normal. The 
total IECO impulse was 270,728 Ibf-sec. Inboard engine total thrust 
decay is shown in Figure 6-3. OECO was initiated by thrust OK switch 
deactuation, as planned, at 140.73 seconds, 1.13 seconds later than 
predicted. LOX starvation occurred in the four outboard engines. Out- 
board engine total thrust decay is shown in Figure 6-4. Each engine has 
three thrust OK pressure switches. As engine thrust level decays dur- 
ing LOX starvation, the first outboard engine to lose thrust OK signal 
from two-out-of- three switches, will simultaneously cut off all outboard 
engines. The telemetry system's sampling rate of these signals (12 
samples per second) is too low to determine which engine had the earliest 
two-out-of- three switch drop-out times necessary for OECO. 

6.5 S-IB STAGE PROPELLANT MANAGEMENT 

Propellant management is the relationship of the propellant consumed to 
propellant loaded, and is an indication of the propulsion system per- 
formance and the capability to load the proper propellant weights. The 
predicted and actual (reconstructed) percentages of loaded propellants 
utilized during the flight are shown in Table 6-3. 
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Figure 6-3. S-IB Inboard Engines Total Thrust Decay 
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Table 6-3. S-IB Propellant Usage 


PROPELLANT 

PREDICTED (*) 

ACTUAL (X) 

Total 

99.20 

99.20 

Fuel 

98.34 

96.28 

LOX 

99.58 

99.62 


The planned mode of OECO was by LOX starvation. The LOX and fuel level 
cutoff probe heights and flight sequence settings were determined for a 
3.00-second time interval between cutoff probe actuation and IECO. The 
planned time interval between IECO and OECO was 3.00 seconds. OEcO was 
to be initiated by the deactuation of two of the three thrust OK pres- 
sure switches on any outboard engine a? a result of LOX starvation and 
the subsequent thrust decay. It was assumed that approximately 271 
gallons of LOX in the outboard suction lines were usable. The backup 
timer (flight sequencer) was set to initiate OECO* 13.00 seconds after 
level sensor actuation. 

To prevent fuel starvation* fuel depletion cutoff probes were located In 
tanks F2 and F4 container sumps. The fuel bias was 1550 Ibm. This 
fuel mass, included in the predicted residual, was available for con- 
sumption to minimize propellant residual due to off-nominal conditions 
and is not expected to be used during a nominal flight. 

The cutoff sequence was initiated by a signal from the cutoff level 
sensor in tank 02 at 134.35 seconds. The IECO signal was received 3.01 
seconds later at 137.36 seconds. OECO was initiated 3.37 seconds after 
IECO at 140.73 seconds by thrust OK pressure switch deactuation. Fuel 
depletion probes were not actuated prior to retromotor ignition. 

Based on discrete probe data* liquid levels in the fuel tanks were 
nearly equal and approximately 22.6 Inches above theoretical tank bottom 
at IECO. This level represents a mass of 10,767 lbm of fuel onboard. 

At that time 10,887 lbm of LOX remained onboard. Corresponding liquid 
height in the center tank was approximately 14.3 Inches and average 
height in the outboard tanks was approximately 9.7 Inches above theoretical 
tank bottom. Propellants remaining above the main valves after outboard 
engine decay were 2431 lbm of LOX and 4824 lbm of fuel. Predicted 
values for these quantities were 2670 lbm of LOX and 4627 lbm of fuel. 

Total LOX and fuel masses above the main propellant valves beginning 
at ignition command are shown in Figures 6-5 and 6-6. A simnary of the 
propellants remaining at major event times is presented in Table 6-4. 
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Table 6-4. S-IB Propellant Mass History 


EVENT 

PREDICTED (LBM) 

RECONSTRUCTED (LBM) 

mm 

L0X 

TOTAL 

FUEL 

L0X 

TOTAL 

Ignition Command 

27y ,007 

632,016 

911,023 

280,038 

631 ,940 

911,978 

IU Umbilical Disconnect 

275,705 

620,864 

896,569 

276,036 

620,788 

896,824 

I ECO 

10,265 

10,5.2 

20,777 

10,767 

10,887 

21 ,654 

UEC0 

5,988 

3.311 

9,299 

6,145 

2,960 

5,105 

Separation 

4,891 

2,753 

7,644 

5,098 

2,514 

7,612 

Zero Thrust 

4,627 

2,670 

7,297 

4,824 

2,431 

7,255 


6.6 S-IB PRESSURIZATION SYSTEM 

6.6.1 Fuel Pressurization System 

The fuel tank pressurization system performed satisfactorily during the 
entire flight. The fuel pump inlet pressure met the minimum Net Posi- 
tive Suction Pressure (NPSP/ requirement throughout flight. A compari- 
son of measured absolute ullage pressure and predicted ullage pressure 
is presented in Figure 6-7. Measured ullage pressure compared favorably 
with predicted ullage pressure during the flight and at no time exceeded 
a difference of 2.0 psi from the predicted value. 

Fuel vent valves 1 and 2 closed at the beginning of the pressurization 
sequence and remained closed. Tank pressurization began at T-160.8 
seconds. The 1422- gal Ion (3.4 percent) ullage volume was pressurized 
in 2.31 seconds. Due to system cooling, the pressurizing valves opened 
again at T- 11 9. 83 seconds for a period of 0.25 second to repressurize 
the fuel tank ullage. The pressurizing valves reopened during the engine 
start sequence at T-1.9 seconds and remained open. 

The helium sphere pressure was 2890 psi a at ignition, which is lower 
than it was on S-IB-6, but acceptable. The sphere pressure is shown 
in Figure 6-8. 

Because the fuel temperature and the ullage pressure were different in 
each of the tanks, liquid levels were also different. Discrete probe 
data shew that the behavior of the fuel tank liquid levels during flight 
was similar to S-IB-6. The maximum recorded liquid level difference 
between tanks FI and F3 was 4.36 inches at 27.0 seconds. The level 
converged to a difference of 0.6 inch at approximately 137.0 seconds. 

6.6.2 L0X Pressurization System 

The L0X tank pressurization system performed satisfactorily during the 
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Figure 6-7. S-IB Fuel Tank Ullage Pressure 
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entire flight. The LOX pump inlet pressure met the minimum NPSP require- 
ment throughout flight. On several occasions during the countdown, 
what appeared to be LOX was seen venting from the outboard tank vents. 

The apparent LOX venting phenomenon under the LOX loading conditions is 
not fully understood, and it is unlikely that this phenomenon will be 
further explained. LOX venting during countdown is not a concern for 
flight performance. See paragraph 3.1 for more details. 

The actual ullage pressure during flight is compared with the predicted 
pressure and presented in Figure 6-9. The initial pressurization level 
satisfied the minimum requirement of 80 psia at the LOX pump inlet for 
engine start. The pressurization system is designed to provide a 
minimum tank pressure at OECO of 47.5 psia. 

The minimum ullage pressure of 48.1 psia occurred during the engine 
start transient and the maximum pressure of 53.2 psia occurred at 35 
seconds. The GOX Flow Control Valve (GFCV) started to close at ignition, 
and after the normal hesitations during the start transient, reached 
the fully closed position at 18 seconds and remained closed until 72 
seconds as shown in Figure 6-10. The predicted GFCV position is not 
shown since the valve used for stage test was replaced prior to flight. 
The GFCV opened 11 seconds earlier than on S-IB-6; which can be attri- 
buted to the higher tank pressure at which the GFCV actuated; i.e., 

51.6 psia on S- IB-7 versus 50.1 psia on S-IB-6. The GFCV continued to 
open gradually for the remainder of the flight to 16 percent open at 
IEC0. while the ullage pressure decayed to 49.5 psia. 

The pressure upstream of the GFCV was approximately 4.5 percent higher 
than on S-IB-6 during the period when the valve was closed (18 to 72 
seconds), while the temperature was approximately the same as S-IB-6. 

The higher GOX pressure from 18 to 72 seconds indicates that the GOX 
flowrate was higher than S-IB-6. 

6.7 S-IB PNEUMATIC CONTROL PRESSURE SYSTEM 

The S-IB pneumatic control pressure system supplied GN2 at a regulated 
pressure of 770 to 781 psia to pressurize the H-l engine turbopump 
gearboxes and to purge the LOX and lube seal cavities and the radiation 
calorimeters. This regulated pressure was also used to close the LOX 
and fuel prevalves at I ECO and OECO. 

The 750 psig regulator was replaced during prelaunch checkout and system 
performance was satisfactory during prelaunch and flight. The actual 
sphere pressure history remained within the acceptable band as shown 
in Figure 3-11. 

6.8 S-IB HYDRAULIC SYSTEM 

The system hydraulic pressures were satisfactory during flight and were 
similar to those of the SA-206 flight. At zero seconds, the system pres- 
sures ranged from 3125 to 3240 psig. The pressure decreased approxi- 
mately 50 psi on each engine during flight. This norma 1 pressure 
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Figure 6-10. S-IB GOX Flow Control Valve Position 



decrease was due to the main pump temperature increase during the flight. 

Reservoir oil levels were also similor to those of the SA-206 flight. 
There was a rise of approximately 2 percent in each level during flight, 
indicating about a 7°C rise in each hydraulic system's average oil tem- 
perature (not reservoir oil temperature). 

The reservoir oil temperatures were satisfactory during flight. Average 
temperature at liftoff averaged 51 °C as compared to an average of 49°C 
for the four S- IB-6 hydraulic systems. The average temperature decrease 
during the flight was 9°C for S-IB-7 which was the same for the four 
S- IB-6 hydraulic systems. 
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SECTION 7 


S-IVB PROPULSION 


7.1 SUMMARY 

The S-IVB propulsion system performed satisfactorily throughout the 
operational phase of burn and had normal start and cutoff transients. 
S-IVB burn time was 448.53 seconds, 4.24 seconds shorter than predicted 
for the actual flight azimuth of 45.0 degrees. This difference is com- 
posed of -0.13 second due to S-IB/S-IVB separation velocity, radius, and 
weight and -3.90 seconds due to higher than predicted S-IVB performance 
leaving -0.21 second unexplained. The engine performance during burn, 
as determined from standard altitude reconstruction analysis, deviated 
from the predicted Start Tank Discharge Valve (STDV) open +60 second 
time slice by +0.89 percent for thrust and -0.05 percent for specific 
impulse. The S-IVB stage engine cutoff (ECO) was initiated by the Launch 
Vehicle Digital Computer (LVDC) at 592.93 seconds. The S-IVB residuals 
at engine cutoff were near nominal. The best estimate of the residuals 
at engine cutoff is 2551 lbm for LOX and 2326 lbm for LH2 as compared 
to the predicted values of 2843 lbm for LOX and 1957 lbm for LHg. 

The stage propellant tanks were vented satisfactorily as sequenced 
following engine cutoff. During orbital coast, the LOX tank pressure 
increased due to tank heating and liquid boiloff. The pressure stayed 
within the predicted band. The fuel tank Nonpropul si ve Vent (NPV) 
system satisfactorily controlled fuel ullage pressure during earth 
orbit. 

During orbital coast the Auxiliary Propulsion System (APS) demonstrated 
nominal performance and responded to a disturbing force on the 
S-IVB/IU stage. LH 2 NPV and Instrument Unit (IU) sublimator operation 
contributed to the disturbing forces. The level of disturbance 
attributed to the LHg NPV system is within the specified tolerances on 
nozzle misalignment and area unbalance even if the disturbance were 
attributed entirely to misalignment or entirely to area unbalance. The 
disturbance had no effect on mission accomplishment. 

An engine pitch actuator oscillation of low amplitude and frequency 
was noted during prelaunch, S-IB boost, and orbital coast thermal cycles 
while no commands were input to the servovalve. These oscillations 
were caused by accumulation of micron sized particles in the clearance 
between the servovalve spool and bushing. Operation was normal during 
powered flight and deorbit dumps. 
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The impulse derived from the LOX and fuel dumps was sufficient to satis- 
factorily deorbit the S-IVB/IU. The total impulse provided, 104,000 
lbf-sec, was in close agreement with the real time nominal predicted 
value of 103,500 lbf-sec. A real time decision was made to extend the 
dump duration in order to improve the Apollo Range Instrumented Aircraft 
(ARIA) coverage of the deorbit propellant dumps and Kwajalein coverage 
of stage breakup. As expected after the LH? dump the pneumatic pressure 
was not sufficient to cause the NPV valves to latch open; however all 
deorbit safing criteria were met. The APS satisfied control system de- 
mands throughout the deorbit sequence. 

7.2 S-IVB CHILLD0WN AND BUILDUP TRANSIENT PERFORMANCE 

The thrust chamber temperature at liftoff was -209°F, which was below 
the maximum allowable redlines limit of -185°F. At S-IVB STOV open 
signal, the temperature was -182°F, which was within the requirements 
of -225 +75° F. 

The chi 11 down and loading of the engine GH 2 start tank and pneumatic 
control bottle prior tc liftoff was satisfactory. At liftoff, the engine 
control sphere pressure and temperature were 2960 psia and -174. 7°F 
and the start tank pressure and temperature were 1315 psia and -189.7°F. 

At STDV open the engine control sphere pressure and temperature were 
2967 psia and -176. 3°F. The start tank conditions were 1325 psia and 
-181. 2°F, which was within the start box. 

The propellant tank prepressurizations were satisfactory. The propellant 
recirculation systems operation was satisfactory and operated continuously 
from before liftoff until just prior to Engine Start Command (ESC). 

Start and run box requirements for both fuel and LOX were met, as shown 
in Figure 7-1. At STDV open the LOX pump inlet temperature was -294. 7°F 
and the pump Inlet pressure was 40.7 psia. AT STDV open the fuel pump 
inlet temperature was -421. 1°F and the pump Inlet pressure was 31.4 
psia. All conditions were within the start box limits. 

Fuel lead followed the expected pattern and resulted In satisfactory 
conditions as Indicated by the fuel Injector temperature. 

The engine start transient was satisfactory! and the thrust buildup 
was within the limits set by the engine manufacturer. This buildup 
was similar to the thrust buildups observed during previous flights. 

The Mixture Ratio Control Valve (MRCV) was In the closed position, 

4.8 Engine Mixture Ratio (EMR), during the buildup. The total Impulse 
from STDV open to STDV open +2.4 seconds was 172,810 Ibf-s. 

7.3 S-IVB MAINSTAGE PERFORMANCE 


The propulsion reconstruction analysis verified that the stage perfor- 
mance during malnstage operation was satisfactory. A comparison of 
predicted and actual performance cf thrust, specific Impulse, total 
flowrate, and EMR versus time Is shown In Figure 7-2. Table 7-1 
shows the thrust, specific Impulse, flowrate, and EW deviations from 
predicted at the STDV open +60 second time slice at standard altitude 
conditions. 
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Figure 7-2. S-IVB Steady-State Performance 
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Table 7-1. S-IVB Steady State Performance (STDV Open +60 Second Time 

Slice at Standard Altitude Conditions) 



PREDICTED 

RECONSTRUCTED 

FLIGHT DEVIATION 
(ACT-PRED) 

PERCENT 

DEVIATION 

FROM 

PREDICTED 

Thrust, lbf 

224,081 

226,082 

2001 

0.89 

Specific 

Impulse, 

lbf-s/lbm 

424.1 

423.9 

-0.2 

-0.05 

L0X Flowrate, 
lbm/s 

447.96 

452.14 

4.13 

0.93 

Fuel Flowrate, 
lbm/s 

80.47 

81.25 

0.78 

0.97 

Engine Mixture 
Ratio, LOX/Fuel 

5.567 

5.565 

-0.002 

-0.04 


Specific Impulse was slightly less than predicted. Engine bum time 
was 448.53 seconds which was 4.24 seconds less than predicted for the 
actual flight azimuth of 45.0 degrees. Of this difference -3.9 seconds 
was due to higher than predicted S-IVB thrust and flowrate. 

The engine helium control system performed satisfactorily during main- 
stage operation. The engine control bottle was connected to the stage 
pneumatic supply bottle. An estimated 0.49 lbm of helium was consumed 
during bum. 

7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE 

S-IVB ECO was initiated at 592.93 seconds by guidance velocity cutoff 
command. The ECO transient was satlsfactoiy. The total cutoff Impulse 
to zero thrust was 42,484 lbf-s which was 1752 lbf-s lower than the 
nominal predicted value of 44,236 lbf-s and within the +5320 lbf-s 
predicted band. Cutoff occurred with the MRCV In the 4.8 EMR position. 

IU platform accelerometer oscillations were reported during the 
cutoff transient about 0.5 second after cutoff co—and. These IU 
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oscillations occurred at the same time that oscillations were observed 
In chamber pressure (D0266-401) and S-IVB glmbal accelerometer data 
(A001 2-401). The peak to peak amplitudes near Engine Cutoff (ECO) 

+0.5 second Mere 15 psl and 8.5 g for the chamber pressure and glmbal 
accelerometer, respectively. The frequency of the oscillations Mas 
55 Hz. RevleM of previous S-IVB data Indicates this condition Is 
Mi thin previous flight experience. The oscillation frequency near 
ECO +0.5 second has varied from 50-75 Hz and the peak to peak ampli- 
tudes have varied from 8-45 psl for chamber pressure and 3.0 to 11.0 g 
for the glmbal accelerometer. 

The most probable cause of the IU accelerometer activity Is a resonant 
response to normal tnrust chamber pressure oscillations during the 
cutoff transient Mhich Is transmitted through the stage to the IU. 
Further details are given in Sections 8.2.4 and 9.3.2. 

7.5 S-IVB STAGE PROPELLANT MANAGEMENT 

Comparison of propellant masses at critical flight events, as determined 
by various analyses. Is presented In Table 7-2. The best estimate full 
load propellant mass for LOX Is 195,170 +465 lbm and the best estimate 
full load propellant mass for LH 2 Is 38,367 +186 lbm. The best esti- 
mate full load propellant masses Mere 0.07 percent less for LOX and 
0.40 percent greater for LH 2 than predicted. This deviation Mas rnell 
Mithin the required loading accuracy. The best estimate for propellant 
residuals at end of thrust decay Mere 2491 lbm for LOX and 2304 lbm 
for LH 2 . Cutoff transient prope’lant consumption Mas 6G lbm for LOX and 
22 lbm for LH 2 . 


Table 7-2. S-IVB Stage Propellant Mass History 


■ ■ "1 
ErtttT 

UNITS 

PREDICTED 

r.TT 7gi ' ■ » II ? I P 

'- s — U 

FLOW 

INTEGRAL 

5ES7 

ESTIMATt 

L0I 

LH2 

LOt 

L*2 

to* 

^ 2 

LOI 

LH Z 

LOt 

LM ; 

| 

It* 

195.331 

38.216 

195.225 

38.297 

195.053 

36, ’29 

195,252 

38.495 

195.170 

38.367 

S-Iffi CSC 

lb* 

195.334 

38,232 

195.225 

38.297 

195.053 

38.229 

195.252 

36.495 

195.170 

36. Jt 7 

S-IVB Cutoff 

lb* 

3402 

20$9 

2556 

2361 

2555 

2358 

2551 

2326 

2551 

2326 

The aitm itwi do «ct include mss beige the engine values, as represented in Section 1C. 


Extrapolation of best estimate residuals data to depletion, using the 
propellant floM rates, indicated that a LOX depletion (532 lbm) would 
have occurred approximately 5.4 seconds after the velocity cutoff. 
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The pneumatically controlled two position MRCV was commanded to the 4.8 
EMR engine start position 1.9 seconds prior to ESC. The MRCV does not 
respond until it receives engine pneumatic power wh i becomes available 
at ESC. 

The MRCV was conmanded to the closed position at ESC +6.0 seconds 
(approximately 5.5 EMR) and indicated closed at ESC +6.8 seconds. The 
W*CV was consnanded to 4.8 EMR (open) position at ESC +325.4 seconds 
indicating open at ESC +325.6 seconds where it remained for the dura- 
tion of powered flight. 

The MRCV was comnanded to the closed position at ECO +2.4 seconds. The 
MRCV indicated closed 447 milliseconds after the command was received. 

No further activities were planned for the MRCV during the rest of the 
mission. 

7.6 S-iyB PRESSURIZATION SYSTEM 

7.6.1 S-IVB Fuel Pressurization System 

The IH 2 pressurization system met all of its operational requirements. 

The LH 2 pressurization system exhibited acceptable performance during 
prepressurization, boost, bum, earth orbit and deorbit. 

The LH 2 tank prepressurization command was received at -119.4 seconds 
and the tank pressurised signal was received 33.1 seconds later. The 
ullage pressure reached relief conditions (approximately 31.7 psia) 
at liftoff, as shown in Figure 7-3. 

The IH 2 ullage pressure was 31.4 psia at ESC. The average pressuriza- 
tion flowrate was 0.62 lbm/s until step pressurization, when it increased 
to 0.88 lbm/s. The total mass used for pressurization during burn was 
314 lbm. Throughout the bum, the ullage pressure was at relief 
(31.6 psia), as predicted. LH 2 tank relief venting was accomplished 
by an open/close mode, rather than the usual "feathering" mode (see 
Section 7.10.1), until 'he venting requirement increased at step 
pressurization. The open/close venting mode had no effect on tank con- 
ditions or pressurization system performance. 

The LH 2 pump inlet Net Positive Suction Pressure (NPSP) was calculated 
from the pump interface temperature and total pressure. These values 
indicated that the NPSP at STOV open was 13.8 psl. At the minimum point, 
the NPSP was 4.5 psi above the minimum required value. Throughout the 
bum, the NPSP had satisfactory agreement with the predicted values. 
Figure 7-4 simnerizes the fuel pump Inlet conditions during burn. 

7.6.2 S-IVB LOX Pressurization System 

LOX tank prepressurization was initiated at -167 seconds and increased 
the LOX tank ullage pressure from ambient to 4C.0 psia in 13.2 seconds. 


* 


7-7 


LH 2 ULLAGE PRESSURE, psla 



LH2 ULLAGE PPESSURE, N/cm 




LH2 pump INLET LH2 PUMP INLET 

TEMPERATURE, °F TOTAL PRESSURE, psia LH 2 NPSP, psl 
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PREDICTED 




TIME FROM ESC, SECONDS 


RANGE TIME, SECONDS 

Figure 7-4. S-IVB Fuel Punp Inlet Conditions - Purn 
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as shown in Figure 7-5. One makeup cycle was required to maintain the 
LOX tank ullage pressure before the ullage temperature stabilized. A 
total of 4.61 lbm of helium were required for LOX tank prepressurization. 
At -119 seconds, fuel tank prepressurization and the vent valve purge 
caused the LOX tank pressure to increase from 37.8 to 41.0 psla at 
liftoff. 

During boost there was a nominal rate of ullage pressure decay caused 
by tank volume increase (acceleration effect) and ullage temperature 
decrease. No makeup cycles could occur because of an inhibit from lift- 
off +6.0 seconds until ESC -2.5 seconds. LOX tank ullage pressure was 
36.4 psia just prior to separation and was increasing at ESC due to 
a makeup cycle. 

During burn, six over-control cycles were initiated, including the pro- 
grammed over-control cycle initiated prior to ESC. The LOX tank pres- 
surization flowrate variation was 0.22 to 0.38 Ibm/s during under-control 
and 0.35 to 0.49 lbm/s during over-control system operation. This 
variation is normal and is caused by temperature effects. Heat exchanger 
performance during burn was satisfactory. 

The LOX NPSP calculated at the interface was 23.8 psi at ESC. This 
was 11.0 psi above the NPSP minimum requirement ^or start. The LOX 
pump static Interface pressure during burn follows the cyclic trends 
of the LOX tank ullage pressure. Figure 7-6 sumnarizes the LOX pump 
conditions for bum. The LOX pump run requirements for burn were 
satisfactorily met. 

The cold helium supply was adequate to meet all flight requirements. At 
ESC, the cold helium spheres contained 255 lbm of helium. At the end 
of bum, the helium mass had decreased to 96 lbm. Figure 7-7 shows 
helium supply pressure history- 

7.7 S-IVB PNEUMATIC CONTROL PRESSURE SYSTEM 

The stage pneumatic system performed satisfactorily during all phases of 
the mission. During orbital coast, the pressure decreased from 2835 
psia after the prevalves were open to 2430 psia at initiation of pro- 
pellant dump for deorbit. This decrease was due to the continuous LOX 
chilldown motor container purge and a temperature decrease In orbit. 

The stage pneumatic regulator performance was nominal with a near constant 
discharge pressure of 467 psia. 

This was the second flight with a tie-in of the stage pneumatic sphere 
and the engine control sphere. The tie-in provides additional helium 
to hold the engine propellant valves open during dump. System per- 
formance was satisfactory with helium being transferred to the engine 
system during engine bum and propellant dump. The pneumatic sphere 
pressure at the end of propellant dump was 230 psia. 
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Figure 7-6. S-IVB LOX Pu»p Inlet Conditions - Burn 
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S-IVB AUXILIARY PROPULSION SYSTEM 


The APS demonstrated nominal performance throughout the flight and met 
control system demands, as required through the deorbit sequence. 

The Module 2 propellant usage exceeded predicted usage during orbital 
coast (Figure 7-8). The majority of the extra usage has been attributed 
to disturbances from the LH2 NPV and IU subllmator as discussed In para- 
graph 10.3.2. The disturbances were within allowable tolerances. 

Neither disturbance was accounted for In the APS propellant usage pre- 
diction. The Module 1 propellant usage was nominal. Future flights 
will incorporate NPV and sublimator thrust perturbations In APS pro- 
pellant usage predictions. Table 7-3 presents the APS propellant usage 
during specific portions of the mission. The oxidizer and fuel pro- 
pellant supply systems performed as expected during the flight. The 
propellant temperatures ranged from 73°F to 95°F. 

The APS pressurant system also functioned nominally. Module No. 1 
regulator outlet pressure ranged from 193 to 194 psla. Module No. 2 
regulator outlet pressure ranged from 194 to 196 psla. 

The performance of the attitude control thrusters was nominal. The 
thruster chamber pressures ranged from 90 to 100 psla. The average 
specific Impulse for the engines was approximately 200 Ibf-sec/lbm. 

7.9 S-IYB/IU STAGE DEORBIT PROPELLANT DUM> 

All aspects of the S-IVB/IU deorbit were accomplished successfully. 

The Impulse derived from the LOX and fuel dumps was sufficient to 
satisfactorily deorbit the S-IVB/IU. The total Impulse provided, 

104,000 Tbf-sec, was In close agreement with the real time nominal 
predicted value of 103,500 lbf-sec. The sequence In which the pro- 
pellant dumps were accomplished Is presented In Figure 7-9. 

The planned propellant tank saflng during the stage passivation 
sequence following deorbit propellant dump was not accomplished. This 
was an expected result of the real time decision to extend the LH 2 
dump duration to 590 seconds (compared to 125 seconds for SA-206) In 
order to Improve ARIA coverage of deorbit diaips and Kwajaleln coverage 
of stage re-entry. The requirement to hold the main fuel valve open 
during the extended LHo dump bleeds down the stage regulated pneu- 
matic supply to about 230 psla. The propellant tank Non-Propul slve 
Vent (NPV) valves will actuate open with about 100 psla pneumatic 
pressure but require 280 psla to latch open. Therefore the NPV 
valves opened when comnanded during the passivation sequence (20,293 
seconds predicted time) but closed when the open comnd was removed 
a few seconds later. The saflng of all stage high pressure storage 
bottles was accomplished during the passivation sequence according to 
the planned preflight sequence. Since the propellant tank pressure was 
reduced to low levels during the deorbit dimps the pressure was accept- 
ably low following the passivation sequence even through normal tank 
saflng was not accomplished. 
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Table 7-3. S-IVB APS Propellant Consumption 



MOOUl E NO. 1 

NODULE NO. 2 


OXIDIZER 

FUEL 

OXIDIZER 

FUEL 


LB* 

PERCENT 

LB* 

PERCENT 

LB* 

PERCENT 

LB* 

PERCENT 

Initial Load 

39.4 

- 

23.9 

B 

39.4 

- 

23.9 

mm 

Bum (Soil Control) 

2.1 

S.3 

1.2 

B 

1.9 

4.8 

1.2 

I 

ECO to Spacecraft Separation 

1.1 

2.8 

0.7 

H 

1.6 

4.1 

1.0 

IB 

Spacecraft Separation to 
Maneuver to Retrograde 
Local Horizontal 

1.2 

3.0 

0.7 

2.9 

0.9 

2.3 

n.5 

2.1 

Retrograde L'xal Horizontal 
(Orbital Coast) 

6.7 

17.0 

4.3 

1B.0 

17.5 

44.4 


45.4 

Deorbit Diaup (Roll Control) 

0.8 

2.0 

O.S 

2.1 

m 

1.8 


1.7 

End of Diaap to 20*69 sec. 

0.3 

0.8 

0.2 

0.8 

ISIS 

0.8 


0.8 

Total Propellant Usage 

12.2 

30.9 

n 

31.7 

22.9 

58. 2 




59.1 


The LOX dump was initiated at approximately 19,227 seconds (05:20:57) 
and was satisfactorily accomplished. Data were not available until 
approximately 19,545 seconds which was during the gas portion of the 
LOX dump. Dump performance was reconstructed for the period when data 
were not available Including the liquid phase. Reconstructed and real- 
time predicted nominal LOX dump performance (total Impulse, mass flow- 
rate, LOX tank mass and actual and real-time predicted LOX ullage pres- 
sure) are shown In Figure 7-10. The reconstruction corresponds to the 
best fit on available LOX ullage pressure flight data and the calculated 
velocity change (determined from LVDC accelerometer data) for LOX dump. 

The LOX tank ullage pressure decreased from approximately 41.0 to 6.9 
psla during the 445 second dump. The maxlmun negative bulkhead dif- 
ferential pressure following LOX dump was 25.1 psl which was within 
the allowable 26 psl limit. A reconstructed steady state LOX dump 
thrust of 809 Ibf was attained. Ullage gas Ingestion, based on the 
reconstruction, occurred at 19,275 seconds (05:21:15). LOX dump ended 
at approximately 19,672 seconds (05:27:52) by closing the Main Oxidizer 
Valve (MOV). 

The reconstructed total Impulse before MOV closure was 72,200 Ibf-sec, 
as compared to real time predicted total Impulse of 72,000 lbf-sec. 

The close agreement between the real time predicted and reconstructed 
total Impulse Is attributed to the compensating effects of higher than 
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VEND OF S-IVB TELEMETERED DATA, 20,480 
V S-IVB BREAKUP, 21,175 



05:20:00 05:30:00 05:40:00 05:50:00 06:00:00 

RANGE TIME, HOURS : MINUTES: SECONDS 


Figure 7-9. S-IVB Deorbit Propellant Dump and Safing Sequence 


predicted nominal specific Impulse and lower than predicted LOX mass 
at end of thrust decay. The reconstructed specific Impulse during the 
liquid portion of the dunp was 7 % higher than predicted, but within 
the predicted limits. LVDC accelerometer data Indicates an S-IVB stage 
velocity change of 71.46 ft/sec from LOX dump. 
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Fuel dump was initiated at 19,702 seconds (5:28 22) and was satisfac- 
torily accomplished. Fuel dump impulse, flowrate, mass remaining in 
fuel tank, and ullage pressure are shown in Figure 7-11. Only GH? 
remained in the tank at dump start. The LH2 completely boiled off 
during orbital coast. A reconstruction of dump indicates the dump 
impulse, 31,800 Ifb-sec, was in good agreement with the real time 
nominal predicted value of 31,500 lbf-sec. The ullage mass at the 
start of the dump was 343 lbm. Approximately 205 lbm of gaseous 
hydrogen were dumped through the J-2 engine. The ullage pressure 
decreased from 32.0 to 7.2 psia during the dump. The dump terminated 
at 20,292 seconds (5:38:12) when the main fuel valve (MFV; was 
closed. LVDC accelerometer data indicates the S-IVB stage velocity 
change due to fuel dump was 32.71 ft/sec. 

7.10 S-IVB ORBITAL COAST AND SAFING 

7.10.1 Fuel Tank Orbital Coast and Safing 

The fuel tank nonpropulsive vent system satisfactorily controlled the 
ullage pressure during earth orbit, as shown in Figure 7-12. A 670- 
second fuel tank vent, initiated at ECO +10.6 seconds, lowered the 
ullage pressure from 31.8 to 10.9 psia. NPV system data Indicate that 
liquid hydrogen was vented, as expected, during the last 150 seconds 
of the programmed vent. Liquid venting, which begins about 45 seconds 
after spacecraft separation, results from the Increase in drag experi- 
enced after separation. The Increased drag forces the LH2 residual 
to the top of the tank, near the vent Inlet. The liquid venting did 
not significantly affect fuel dump impulse capability or mission 
accomplishment. 

After the programned vent the LH 2 tank reached relief at approximately 
3250 seconds (0:54:10). Relief venting of the LH 2 tank occurred dur- 
ing most of the mission by an open/close mode as opposed to the usual 
"feathering" mode of the LH 2 latching valve. This is verified by both 
the NPV nozzle pressures and the valve closed indication microswitch. 

A possible explanation of this mode of operation Is a more than nominal 
static friction or "stickiness" of the latching valve pilot poppet. Nomi- 
nally the pilot would open gradually. Increasing Its stroke with 
increasing ullage pressure, until enough flow Is provided to cause the 
main poppet to unseat. Increased static friction would delay the pilot 
opening and cause the ullage pressure to rise slightly In order to 
overcome this additional force. The pilot, when unseated, would 
imnediately assume a position which would allow sufficient flow to 
open the main poppet. Reseat of the pilot would occur as the ullage 
pressure decreased. This establishes an open/close mode of operation. 

The cycle length was of the order of 10 seconds or more, and is mainly 
a function of the venting requirements. The venting mcde experienced 
had no effect on tank conditions or mission accomplishment. 
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Figure 7-11. S-1YB LH 2 tap 
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Figure 7-12. S-IVB LHg Ullage Pressure - Orbital Coast 
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A real time decision was made to extend the fuel dump (see Section 7.9) 
resulting in low stage pneumatic pressure at the end of dump. As 
expected, the LHp latching vent valve did not latch open at 20,293 
seconds (5:38:13) and consequently closed when the open conrjnd was 
removed after three seconds. There was no decrease In ullage pressure 
during the three-second vent interval. The LH 2 ullage pressure Increased 
from 7.2 psia at the end of LH 2 dump (5:38:12) to 8 psia at loss of 
data (5:41:40). No excessive fuel tank pressures resulted from the 
failure of the vent valve to latch open. 

7.10.2 LOX Tank Orbital Coast and Safing 

A programmed 30 second nonpropul sive vent (NPV) starting at 594 seconds 
(00:09:54) was satisfactorily accomplished. During the vent, LOX tank 
pressure decreased from 39.0 psia to 29.9 psia (Figure 7-13). Recon- 
struction of the pressure history during the vent indicates that approxi- 
mately 30 lbm of gas was vented Including 25 lbm of helium and 5 lbm of 
G0X. At the termination of venting, the ullage consisted of approximately 
197 lbm of G0X and 138 lbm of helium. 

During orbital coast, the LOX tank pressure increased due to tank heating 
and liquid boiloff. The pressure stayed within the predicted band 
(Figure 7-13). 

LOX tank safing was not accomplished due to a real time decision to 
extend the LH 2 dump duration and the subsequent loss of pneumatic 
pressure as discussed in Section 7.9. As a result of the low pneumatic 
pressure, the LOX NPV valve did not latch open at 20,2°3 second (05:38:13) 
and consequently closed when the open comnand was removed after three 
seconds. During these three seconds approximately 1.0 lbm of ullage gas 
was vented overboard with no detectable change in tank pressure. NPV 
system nozzle temperature and pressure response was nominal. The tank 
pressure then increased as a result of colo helium dump from 8.1 psia 
at 20,392 seconds (05:39:52) to 15.5 psia at data loss 67 second' 
later (Figure 7-13). No excessive LOX tank pressure resulted from the 
failure of the NPV to latch open. 

7.10.3 Cold Helium Dump 

The cold helium supply was safed by dumping the helium into the LOX 
tank (see Section 7.10.2). The dump was initiated at 20,392 seconds 
(5:39:52) and was programned to continue for 2800 seconds. At loss of 
data, 67 seconds into dump, the cold helium pressure was approximately 
750 psia. 
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7.10.4 Stage Pneumatic Control and Engine Control Sphere Saflng 

The interconnection between the stage pneumatic and engine control 
spheres permitted simultaneous saflng of both spheres through the 
engine purge system. Safing was accomplished by energizing the engine 
helium control solenoid. Saflng was Initiated at 20,352 seconds 
(5:39:12) with a stage sphere pressure of 230 psla. At loss of stage 
sphere oata, 107 seconds into safing, the stage sphere pressure was 175 
psia. The engine sphere pressure decreased from approximately 150 psla 
at initiation of safing to approximately 75 psla at the last available 
engine spnere data 20,459 seconds; (5:41:39). 

7.11 S-IVB HYDRAULIC SYSTEM 

The S-IVB hydraulic system performed within the predicted limits after 
liftoff with no overboard venting of system fluid as a result of hydraulic 
fluid expansion. Prior to start of propellant loading, the accumulator 
was precharged to 2450 psia at 85°F. Reservoir oil level (auxiliary 
pump off) was 90 percent at 84° F. 

The auxiliary hydraulic pump was programmed to flight mode "ON" at 
T-11 minutes. System pressure stabilized at 3650 psla and remained 
steady. During boost, all system fluid temperatures rose steadily 
when the auxiliary pump was operating and convection cooling was 
decreasing. At S-IVB engine start, system pressure increased to 3655 
psia and remained steady through the bum period. 

System internal leakage rate, 0.50 gal/min (0.4 to 0.8 gpm allowable), 
was provided for primarily by the auxiliary pump during engine bum as 
characterized by the auxiliary pump motor current draw. At engine start, 
and during engine bum system pressure and reservoir pressure histories 
indicate proper operation of both the auxiliary and engine driven hydrau- 
lic pumps. 

Prior to engine start, the yaw actuator Indicated an offset from zero 
of +0.24 degree while the pitch actuator indicated -0.10 degrees. 

While the shift in actuator position is slightly more than noted on 
previous flights, it is well within an allowable error of 0.40 degrees. 

The allowable error is based on the null bias and hysteresis effects 
of the actuator assembly. Actuator positions were offset from null 
during S-IVB powered flight due to the displacement of the vehicle's 
center of gravity off the vehicle's vertical axis, the J-2 engine 
installation tolerances, thrust misalignment, uncompensated glmbal 
clearances, and thrust structure compression effects. 

Following J-2 engine cutoff and prior to the auxiliary hydraulic pump 
off, the actuators extended beyond the null position indicated prior 
to J-2 engine start (Figure 7-14). Data review Indicated that a 
valve current bias of .75 to 1.3 mllliamps corresponded to the shift 
in actuator position from the original null positions. 
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Figure 7-14. S-IVB Hydraulic System - Boost 
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Pitch actuator oscillations were noted during prelaunch, S-IB boost 
and orbital coast thermal cycling when the Thrust Vector Control system 
was Inactive. These oscillations were of low amplitude (0.1 to 0.2 degree 
p-p) and exhibited periods of 100 seconds, 25 seconds and 12 to 20 seconds, 
respectively. See paragraph 10.3.2.1 for further discussion. 

The most probable cause for the actuator motion observed was hunting of 
the actuator servovalve spool due to Increased static friction (stlctlon) 
caused by contaminants trapped between the lapped surfaces of the spool 
and bushing. The servovalve spools are protected by filters which are 
designed to trap 98 peccent of all particles over 5 microns and 100 
percent of all particles over 15 microns. However, the flow spool 
lapped clearance can be less than the filter's absolute rating. Thus, 
the flow spool is subject to entrapment of microscopic particles between 
the lapped surfaces which results in spool "stlctlon." With the spool 
at its centered position the phenomena of "silting" (buildup of fine 
particles) at the lapped clearances can be expected to decrease valve 
leakage. Spool stiction and a decrease In Internal leakage were evident 
from the observed data. The magnitude of erratic actuator motion Indi- 
cates that less than eight percent of available spool driving force was 
required to overcome the maximum stlctlon encountered and therefore this 
does not represent a control problem. A discussion of the effects of 
spool stiction on the control system Is contained In Section 10.3.2. 

Available data during orbital coast Indicated all other system measure- 
ments indicated nominal system performance. During deorbit, system 
pressure stabilized at 3650 psia and remained steady. The actuator 
responded normally to comnands during the deorbit phase. The maximum 
inlet oil temperature noted during this period was 140°F. The actuator 
oscillation noted during prelaunch, S-IB boost, and orbital coast did 
not affect hydraulic system performance, and therefore no corrective 
action is planned. 
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8.1 SUMMARY 

The structural loads experienced durinq the SA-207 fliqht were well below 
design values. The maximum bending moment was 10.6 x 106 in-lbf (approxi- 
mately 19 percent of design) at vehicle station 942. The S-IB thrust 
cutoff transients experienced by SA-207 were smaller than those of SA-206. 
The S-IVB engine cutoff transient produced oscillations on the qimbal 
block of 4.25 a peak amolitude with a predominant frequency of 55 Hz. 
Although this transient exceeded that of SA-206 it was well within the 
envelope experienced on Saturn V fliqhts. 

The maximum ground wind experienced by the Saturn IB SA-207 during the 
prelaunch period was 14 knots (allowable with damper, 55 knots). The 
ground winds at launch were 13.5 knots from the west (allowable at launch 
38 knots). 

8.2 TOTAl VEHICLE STRUCTURES EVALUATION 

8.2.1 Longitudinal Loads 

The SA-207 vehicle liftoff steady-state acceleration was 1.25 g. Maximum 
longitudinal dynamic response measured during thrust buildup and release 
was ±0.20 c; at the Instrunent Unit (IU) and +0.80 g at the Command Module 
(CM) (Figure 8-1). The SA-206 recorded +0.2ff g and +0.60 g, respectively, 
for the thrust buildup dynamic responses. 



-ir- 


The SA-207 Inboard Engine Cutoff (IEC0) and Outboard Engine Cutoff (0EC0) 
transient responses were equal to or less than those of previous flights. 
The maximum longitudinal dynamics resulting from I ECO were +0.1 g at the 
IU and +0.25 q at the CM (Figure 8-2). 

The total longitudinal load at station 942, based on strain data, is shown 
in Figure 8-3 as a function of range time. The envelope of previous 
flights (S-IB vehicles SA-202 through SA-206) is shown for comparison. The 
maximum longitudinal load of 1.37 x 10° lbf occurred at IEC0 and was well 
within desian limit capability. The longitudinal load distribution at the 
time of maximun bending moment (67.2 seconds) and IEC0 (137.4 seconds) are 
shown in Figure 8-4. The steady state longitudinal accelerations at these 
time slices were 1.87 g and 4.35 g, respectively. 
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igure 8-1. SA-207 Longitudinal Accelerations at IU and CM During Thrust 

Buildup and Launch 


COMMAND MODULE 


INSTRUMENT UNIT 


RANGE TIME, SECONDS 

Figure 8-2. SA-207 Longitudinal Acceleration at the IU and CM During 

S-IB Cutoff 










8.2.2 Bending Moments 

The maximum flight bending moment of 10.7 x 10 6 in-lbf occurred at 67.2 
seconds. This value was derived from the eight LOX stud strain gage 
measurements (at station 942) corrected to include the bending moment 
carried by the center LOX tank which was not instrumented. 

The measured flight bending moment, tfr* bending moment distribution 
(calculated from post flight vehicle mass data and flight trajectory 
configuration), and the lateral acceleration distribution (normal load 
factors) are displayed in Figures 8-5 through 8-7. There were no 
significant lateral modal dynamics contributing to the vehicle bending 
moment. 

8.2.3 Confined Loads 

Combined compression and tension loads were computed for maximum bending 
moment (67.2 seconds) and engine cutoff (IECO) conditions using measured 
S-IVB hydrogen ullage pressure (32.0 psig). An envelope of these results 
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Figure 8-4. SA-207 Longitudinal Load Distribution at Time of Maximum Bending 

Moment and I ECO 
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Figure 8-6. SA-207 Pitch Bendinq Moment and Normal Load Factor Distributions at 

Time of Maximum Resultant Moment 
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NORMAL LOAD FACTOR 


plus an envelope of the allowable conin' ned loads are presented in Figure 8-8. 
The S-IB is not included because the clustered stage does not lend itself to 
tnis format. 

The minimum safety factors are plotted versus vehicle station in Figure 8-9. 
The minimum factor of safety of 1.52 at station 1186 was experienced at IEC0. 
The rninimum desian safety factor is 1.40. 

8.2.4 Vehicle Dynamic Characteristics 

The longitudinal stability analysis of SA-707 showed all vibration and 
pressure fluctuations to be smooth and low with no P0G0 instability. 

The first, second and third vehicle bendinq mode frequencies are compared to 
the modes predicted by analysis in Figure 8-10. Amplitudes {Figure 8-11) at 
these frequencies were lew and similar to previous Saturn IB flights. In 
general, the pitch amplitudes were slightly higher than the corresponding 
yaw amplitudes. The largest recorded amplitude was 0.09 Grms in the pitch 
direction {station 895) which occurred during the liftoff portion of flignt. 

The S-IVB stage oimbal block longitudinal low frequency vibration, LOX pump 
inlet pressure and thrust chamber Dressure measurements were similar to the 
SA-206 flight. Comparison of the overall vibration amplitude during S-IB 
stage burn for the SA-2C7 and SA-206 stages is shown in Figure 8-12. With 
the exception of the initial transient at S-IB engine ignition, the overall 
amplitudes are lower than the SA-206 flight. The engine ignition 
transient was +0.44 g with a predominant frequency of 16 Hz. 

Low frequency longitudinal vibration and pressure oscillations during S-IVB 
stage burn are shown in Figure 8-13. The SA -207 vibration and pressure 
data were generally lower than SA-206, except for the vibration buildup at 
45 seconds after enaine ignition. The maximum level was +0 . 2 g with a 
predominant frequency of 18.6 Hz. This level is within tFe range {+0.04 to 
+0.25 g) of levels measured or. previous Saturn IB and Saturn V flights. 

Spectral density plots at selected time periods are shown in Figure 8-14. 
These plots show the same characteristics noted cn SA-206 and previous 
Saturn V flights. The 17-19 Hz structural vibration is Dredominant at 
192 seconds and 15-17 Hz near engine cutoff (591 seconds). A mild 
condition of the 76 Hz "buzz*' frequency is again apparent in the oxidizer 
pump inlet pressure during the period of high Net Positive Suction Pressure 
(NPSP) [300 seconds]. 

The S-IVB engine cutoff transient produced 55 Hz oscillations on the qimbal 
block of +4.25 g. Both the frequency and the amplitudes a~a within the 
envelope observed during S-IVB cutoff on previous Saturn flights. This 
cutoff transient caused unusually larqe vibrations on the IU ST-124 stabi- 
lized platform (F:gure 9-5) for this time of flight. Attention was originall 
focused on this phenomenon because the amplitude of the SA-207 transient 
measured in the IU was greater than that measured on previous flights. 
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Figure 8-8. Combined Loads Producing Minimum Safety Margins During 
SA-^07 Flight 
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Figure 8-9. Minimum Factor of Safety During SA-207 S-IB Hight 
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Figure 8-11. Vehicle Bending Amplitudes 
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Figure 8-12. Vibration Measured During First Stage Burn 
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Figure 8-14. Low Frequency Spectral Analysis of Vibration and Engine Pressures 








The larqer platform response was traced to coupling of the forcing function 
with a 55 Hz local structural mode. No such coupling occurred on SA-206 
since that forcing function was predominately 17 Hz with a 70 Hz component 
(Figure 8-15). In the event of a forcing function with a strong 55 Hz 
component on subsequent S-IB vehicles, platform response similar to that 
seen on SA-207 can be expected again. 

The 55 Hz structural resonance did not degrade the platform performance 
since it coincides with neither the accelerometer servo loop resonance 
(35 Hz) nor the platform gimbal system resonance (100-150 Hz). Furthermore, 
more severe vibration environments have been encountered at liftoff, max q 
and Mach 1 on this and previous flights. 
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Figure 8-15. S-IVB Cutoff Transients on J-2 Engine Gimbal Block, 
SA-207 and SA-206 
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SECTION 9 


GUIDANCE AND NAVIGATION 


9.1 SUMMARY 

The stabilized platform and the guidance computer successfully supported 
the accomplishment of the SA-207 Launch Vehicle mission objectives. 
Targeted conditions at orbit insertion were attained with insignificant 
error. No anomalies nor deviations from nominal performance were noted. 

The stabilized platform accelerometers properly reacted to thrust 
decay vibrations following S-IVB stage guidance cutoff. 

9.2 GUIDANCE COMPARISONS 

The postflight guidance error analysis was based on comparisons of 
position and velocity data from the onboard guidance computer with 
corresponding data taken from the final Observed Mass Point Trajectory 
(OMPT) which was established from external tracking and telemetered 
velocity data (see Section 4). Comparisons of the inertial platform 
measured velocities with the OMPT data are shown in Figure 9-1 for 
boost to orbit Insertion. The velocity differences are small and are 
well within the accuracies of the onboard measuring system and the OMPT. 
The differences in vertical and downrange velocities indicate offsets 
of about 0.20 m/s (0.66 ft/s) and 0.05 m/s (0.16 ft/s), respectively. 

These deviations represent minimum adjustments to telemetered velocities 
to give the best composite fit of the data from several radars tracking 
the SA-207 vehicle during boost. The crossrange velocity difference is 
indicative of misalignment due to some combination of small platform 
drifts. At orbit insertion, the telemetered crossrange velocity was 
approximately 0.69 m/s (2.26 ft/s) less than the OMPT value. 

The inertial platform velocity measurements at significant event times 
are shown in Table 9-1. Corresponding data from the OMPT are also 
shown for comparison. The differences in the velocities at inboard (IEC0) 
and outboard (0EC0) engine cutoffs reflect variances in simulating 
S- IB thrust decay. However, the deviations are small. At S-IVB 
guidance cutoff signal (GCS) and orbit insertion, the velocity dif- 
ferences are very small. 

Velocity gain due to thrust decav after GCS was 7.37 m/s (24.18 ft/s) 
compared to 6.72 m/s (22.05 ft/s) predicted by the Operational Tra- 
jectory (0T). The oscillations in the accelerometer outputs caused 
by thrust decay vibration (see paragraph 9.3.2) had no accumulative 
effect. 
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Figure 9-1. SA-207 Trajectory and ST-124M Platform Velocity Comparisons (OMPT Minus LVDC) 




Table 9-1. SA-207 Inertial Platform Velocity Comparisons 


EVENT 

DATA SOURCE 

VELOCITY (PACSS-12)* 
METERS/SECOND (FEET/SECOND) 

X 

i i 

2 


LVDC 

2445.55 


1731.80 

S-IB 


(8023.46) 

(-18.04) 

(5681.76) 

IEC0 

OMPT 

2445.01 

-5.40 

1730.93 



(8021.67) 

(-17.72) 

(5678.89) 

S-IB 

0EC0 

LVDC 

2482.30 

-5.75 

1801.05 


(8144.03) 

(-18.86) 

(5908.96) 


OMPT 

2481.52 

-5.69 

1800.16 



(8141.46) 

(-18.66) 

(5906.02) 


LVDC 

3351.50 

-97.85 

7724.75 

S-IVB 


(10,995.73) 

(-321.03) 

(25,343.67) 

GCS 

OMPT 

3351.16 

-97.21 

7724.81 



(10,994.60) 

(-318.92) 

(25,343.85) 


LVDC 


-98.05 

7732.05 

ORBITAL 


(10,992.29) 

(-321.69) 

(25,367.62) 

INSERTION 

OMPT 

3350.17 

-97.36 




M!R EUEZifll 

(-319.41) 

(25,367.45)1 


♦Project Apollo Coordinate System Standard, non-rotating vehicle 
referenced. 


Comparisons of navigation (PACSS-13) positions, velocities, and flight 
path angle at significant event times are presented in Table 9-2. 
Differences between the Launch Vehicle Digital Computer (LVDC) and 
OT data reflect differences in actual and nominal flight environment 
and vehicle performance. Guidance Cutoff Signal was given with a total 
velocity 0.03 m/s (0.10 ft/s) and radius vector 27 meters (88 feet) 
greater than the OT values. At orbit insertion the LVDC total 
velocity was 0.69 m/s (2.26 ft/s) greater than the 0T value. 

The LVDC and OMPT data were in very good agreement for the total boost 
phast. The small transients in velocity comparisons discussed above 
are reflected in the velocity data shown for S-IB I ECO and 0EC0. At 
orbit insertion the LVDC total velocity was 7.06 m/s (0.20 ft/s) less 
than the OMPT value and the radius vector was 138 meters (452 feet) 
greater. The guidance system was highly successful in guiding the SA-207 
launch vehicle to prescribed end conditions as shown in Table 9-3. 
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Table 9-2. $A-?07 Navigation Position :,rJ Velocity Comparisons (PACSS-13) 


POSITIONS 


DATA SOURCE 

LVDC 

OMPT 

Operational 

Trajectory 

LVOC 

0*>T 

Operational 


x s 


u 

6,427,727.0 
(21 .088,343.2) 

5o,959.7 

(186,875.7) 

90,180.0 

(295,866.1) 

6,427,698.0 
(21 .088,248.0) 

56.956.0 
( 186,863.4) 

90,169.0 

(295,830.2) 

6,428,204. 
(21 ,089,909. ) 

56,524. 
(185,445. ) 

89,585. 
(293.916. ) 

6.430,904.1 

(21 ,098,766.7) 

57,893.4 

(139,939.0) 

97,108.0 

(318,595.8) 

6,430,875.4 
(21 ,098,672.5) 

57,889.9 

(189,927.4) 

97,099.1 

(313,566.7) 

6 ,431 ,066. ] 

(21,099.298.) ' 

57,347. 

(188,147.) 

95,730. 

(314,074.) 


VELOCITIES 

METERS/SECOND f FEET/SECOND) 


PLIGHT PATH 



LVOC 

6 

OMPT 


Operational 

Trajectory 


,218,888 

6 

,403,177 

3) 

,218.751 

6 

,402,723 

0) 

,213,647 


,385,982 

) 



LVDC 6,194,650.2 156,010. 

(20,323,655.5) ! (511,344. 

OMPT 6,194,507.7 156,169. 

(20,323,187.7) (512,366. 

Operational 6,189,215. 156,261. 

Trajectory (20,305,824. ) (512,668. 


,428,011. 

.091.246. 

,428,582. 
,091 ,150. 

,429,077. 

,092,772. 

,431 ,397. 
.102,026. 

,431,869. 
,101 ,932. 



Y s 

Zs 

V. 

(DEGREES) 

937.54 

276.67 

2314.67 

2239.29 

25.616 

(3075.92) 

(907.71) 

(6609.81) 

( 7346.75) 


937.00 

276.70 

2013.78 

2238.27 

35.613 

(3074.16) 

(907 81) 

(6606.90) 

(7343.41) 


950.97 

274. /6 

2014.31 

,244. 39 

25.927 

(3119.97) 

(901 .46) 

f 5608 . 64 ) 

7 3c 3 . -9 ) 


941.71 

276.1. 

2083.41 

’302.96 

;5. 061 

(3089.60) 

'905.34, 

1 5335.33; 

'7555.04; 


940 . 94 

276.16 

203. 51 

2301 .34 

23 . '5 2 

( 3987 . 08 ) 

1906.02) 

■6032.37; 

1 

7 551 .97' 



1,979,525. 

2 

(6,494,505. 


1 ,979.409. 

5 1 

( 6,494.338. 

1) 

1 ,995 ,810. 


(6,547.933. 


2,054,030. 

3 

(6,738,944. 

6) 

2,054,004. 

5 

(6,738,859. 

7) 

2,070,253. 


(6,792,170. 

) 



,529,151 

,417,317 


Project Apollo Coordinate System Standard, non-rotating, earth centered 
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Table 9-3. SA-207 Boost Terminal Conditions 


CONDITION 

DESIRED 

ACHIEVED 

ERROR 

(ACHIEVED - 
DESIRED) 

Velocity, Vj (m/sec) 

7836.04248 

7836.06800 

0.02552 

Radius, Rt (kilometers) 

6528.1995 

6528.1705 

-0.029 

Path Angle, ej (deg) 

0.0 

-.002433 

-0.002433 

Inclination, I (deg) 

50.031132 

50.0320279 

0.0008959 

Descending Node, a (deg) 

154.495927 

154.496372 

0.000445 


9.3 GUIDANCE AND NAVIGATION SCHEME EVALUATION 

The flight program performed all functions properly. Targeted guidance 
cutoff conditions at orbit insertion were achieved with a high degree 
of accuracy. All events scheduled at preset times occurred within 
acceptable tolerances. Times of occurrence of major guidance and navi- 
gation events are Included in Table 2-2, Section 2. 

9.3.1 First Stage Boost 

Timebase 1 was Initiated at 0.476 seconds, 17.429 seconds after Guidance 
Reference Release (GRR). The roll and time-tilt maneuver was begun at 
10.158 seconds to align the vehicle to a flight azimuth of 45.003 degrees 
east of north and follow a preset attitude time-history during the 
atmospheric boost phase, respectively. 

The roll maneuver was terminated at 57.471 seconds. Tilt-arrest, sig- 
nifying completion of the atmospheric boost phase, was comnanded at 
129.169 seconds with a pitch attitude comnand of -62.2622 degrees. 

First stage guidance and navigation was normal. 

9.3.2 Second Stage Boost 

Second stage guidance was normal with no undue occurrences noted. The 
desired and achieved guidance terminal conditions for boost are com- 
pared In Table 9-3. Observed and predicted vehicle rate-limited com- 
manded attitude angles are shown for comparison in Figures 9-2 through 
9-4. 

The stabilized platform responded to vibrations during engine thrust 
decay following guldance-conmanded cutoff of the S-IVB stage engine 
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ROLL COMMAND, deg 


^ MAX Q 
W S- IB OECO 
W IGM PHASE 1 
W IGM PHASE 2 
W TERMINAL GUIDANCE 
W S-IVB GCS 

V MANEUVER TO LOCAL HORIZONTAL 



0 100 200 300 400 500 600 700 


RANGE TIME, SECONDS 

Figure 9-2. Roll Comnand During Boost 
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PITCH COMMAND, deg 





YAM COMMAND, deg 


f MAJ( Q 
S-IB OECO 
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V TERMINAL GUIDANCE 
JPS-IVB GCS 

V MANEUVER TO LOCAL HORIZONTAL 



RANGE TIME, SECONDS 
Figure 9-4. Yew Convnand During Boost 
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(see Figure 9-5). The vibration was similar to that noted during the 
S-IVB thrust decay following the parking orbit cutoff of the last five 
Apollo/Saturn V vehicles. However, the platform response was much 
larger for SA-207 than previously noted. The greater response occurred 
because the vehicle mass for SA-207 was approximately one-half that of 
the Apollo/Saturn V and the frequency of the burst of vibration from 
the engine matched the 55 Hz characteristic resonance of the platform 
structure. 

The vibration, discussed additionally in Section 8, was insufficient to 
cause any degradation in the platform, platform structure or IU structure. 
The combination of the vibration and its result is interesting because 
it is a clear presentation of an S-IVB/IU structural characteristic. 

9.3.3 Orbital Phase 

At the start of Timebase 4 an attitude hold (Chi-freeze) was initiated, 
followed by a local reference maneuver scheduled 20 seconds later. These 
attitude comma ids are shown in Table 9-4. Initiation of orbital naviga- 
tion (implemented at T4 +15.827 seconds) and all orbital events were witnin 
the tolerance of one computation cycle. Ground commands for the initial 
maneuver for the S-150 experiment were issued at approximately T4 +678 
seconds. The commanded maneuver start time was T4 +720 seconds. Reference 
angles for this local reference maneuver were 0, 177 and 0 degrees for 
X, Y, and 2, respectively. 

9.3.4 Deorbit Phase 

The ground command to initiate the S-IVB/IU deorbit sequence was issued 
at T4 +15,293 seconds. The deorbit parameters comnanded were as 
follows: 

Start Timebase 5 at T4 +18,600 seconds (L0X dump initiated at T5 +34 
seconds) . 

Start sequence for stop L0X dump, start LH 2 dump at T5 +478.9 seconds. 

Start sequence for Stop IH 2 dump, safe vehicle at T5 +1098.9 seconds. 

These sequences were implemented within the specified tolerances and 
resulted in deorbit of the S-IVB/IU as planned (see Section 5). 

9.4 GUIDANCE AND NAVIGATION SYSTEM COMPONENTS 

The guidance and navigation hardware satisfactorily supported the 
accomplishment of mission objectives. 
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NOTE: Velocity Components per PACSS-12 


i/> 




RANGE TIME, SECONDS 



Figure 9-5. Inertial Velocity Component Increments During S-IVB 
Thrust Decay 
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Table 9-4. SA-207 Orbital Phase Flight Program Attitude Commands 


EVENT 

COMMANDED ATTITUDE (DEGREES) 

ROLL 

PITCH 

YAW 

Time Base 4 

-0.7617 

-97.9381 

-0.9822 

Time Base 4 +20 Sec 

0.0000 

-109.0778 

0.8161 

(Local Reference, 




Implemented at TB4 




+20.381 Sec) 





9.4.1 ST-124M Stabilized Platform System 

The three gyro servo loops responded properly to all vehicle motions. 
Maximum gyro pickoff deflection was 0.2 degree during spacecraft 
separation, as was the case for SA-206. Deflections were below 0.2 
degree at all other times. 


The three accelerometer servo loops operated within previously experi- 
ence limits. Maximum pickoff deflections at the significant event 
times are as follows: 



Z 

X 

Y 

Liftoff 

+0.6° 

-0.3° 

<+0.1° 

<-o.r 

+0.4' 

-0.1 

Mach 1/Max Q 

+1.7° 

-1.9° 

+0.6° 

-0.5° 

+1.6' 
-1 .5' 

CSM Separation 

+0.6° 

-1.6° 

+2.7° 

-1.8° 

+2.3 1 

-2.4' 

There were ro gimbal resolver switchovers noted throughout the 

Temperature variations 
SA-207 than for SA-206. 

noted at the inertial 
Comparative values 

gimbals were less 
are as follows: 


SA-207 


SA-20L 

Liftoff 

40. 5°C 


41.7°C 

End of Mission 

37.8°C 


35.3°C 


This difference is insignificant and may be due to the different sun 












angles required by the respective e eriments flown on the two vehicles. 

The ST-124M stable platform subsystem voltages were nominal during t. e 
entire mission* 

9.4.2 Guidance Computer 

The LVDC and Launch Vehicle Data Adapter (L'/DA) performed satisfactorily. 
No hardware anomalies were observed during any phase of the SA-207 
mission. 
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SECTION 10 


CONTROL AND SEPARATION 


10.1 SUMMARY 

The control and separation systems functioned correctly throughout the 
powered and coast flight of SA-207. Auxiliary Propulsion System (APS) 
propellant usage was greater than expected during coast but the quantity 
available was adequate to fulfill all mission requirements. Engine gim- 
bal deflections were nominal. Bending and slosh dynamics were adequately 
stabilized. No unusual dynamics accompanied any separation. 

10.2 S-IB CONTROL SYSTEM EVALUATION 

No abnormal dynamics developed as a result of launch from the pedestal. 
Tower clearance was adequate. Table 10-1 sunnarizes liftoff misalignments. 
Effective roll misalignment of the inboard engines was greater than the 
predicted value, but resulted in a roll error of less than 0.5 degree. 

Table 10-1. Misalignment Sunmary 



PREDICTED 3o RANGE 

LAUNCH 



PITCH 

YAW 

ROLL 

PITCH 

YAW 

ROLL 

Thrust Misalignment, 
deg 

+0.46 

+0.46 

+0.19 

0.0 

0.0 


Inboard Engine 
Misalignment, deg 

+0.25 

+0.25 

+0.25 

0.0 

0.0 

H 

Vehicle Stacking and 
Pad Misalignment, 
deg 

+0.39 

+0.39 

0.0 

0.0 

0.0 



The SA-207 control system performed as expected during S-IB boost. Jim- 
sphere measurements indicate wind velocities below the 84th percentile 
levels for July. The wind peak was 13.2 meters per second at 13.8 kilo- 
meters altitude from an azimuth of 14 degrees. In the high dynamic pressure 
region, the maxiimm total angle of attack of 1.31 degrees occurred pre- 
dominantly in the yaw plane in response to a wind peak. The control system 
adequately stabilized the vehicle response to all winds. 
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Maximums of about 21 percent of the available yaw gimbal angle and 12 
percent of the available pitch gimbal angle were used. Both peak de- 
flections were due to wind speed peaks and associated shears. Bending 
and sloshing dynamics were properly stabilized with neither response 
exhibiting any divergent trend. 

Time histories of pitch, yaw and roll dynamics and control deflections 
are shown in Figures 10-1 through 10-4. The maximums are sumnarized in 
Table 10-2. Vehicle dynamics in the region between liftoff and 50 seconds 
resulted primarily from steering commands. Between 50 and 100 seconds, 
the vehicle responded normally to the roll and pitch steering programs 
and the wind. Dynamics from 100 seconds to S-IB outboard engine cutoff 
were caused by Inboard Engine Cutoff (IEC0), tilt arrest, separated air- 
flow aerodynamics, and high altitude winds. Pitch and yaw plane control 
accelerometers were deactivated at 120 seconds. 

The effects of thrust unbalance, offset center of gravity (eg), thrust vec- 
tor misalignment and control system misalignments resulted in attitude 
errors which were within predicted envelopes. The effective thrust vector 
misalignments were negligible in both pitch and yaw. Only roll plane thrust 
misalignments could be detected in this flight, and they averaged -0.05 
degrees for all eight engines, 0.30 degrees for the four Inboard engines 
and -0.17 degrees for the four outboard engines, see Table 10-1. 

The peak angles of attack in the high dynamic pressure region were small, 
-1.31 degrees in yaw and 1.13 degrees in pitch, and did not occur 
simultaneously. Time histories of the free stream angles of attack are 
presented in Figure 10-4. The peak average engine deflections required 
to trim out the aerodynamic moments in this region were 0.91 degrees 
in pitch and -1.66 degrees in yaw. The peak engine deflection for roll 
control occurred just prior to this region and was 0.24 degrees. 

10.3 S-IVB CONTROL SYSTEM EVALUATION 

The S-IVB thrust vector control system provided satisfactory pitch and 
yaw control during boost and during the deorbit propellant dumps. The 
APS provided satisfactory roll control while the vehicle was under thrust 
vector control. The APS also provided satisfactory, pitch, yaw, and 
roll control during orbital coast. APS Module 2 propellant usage was 
larger than predicted, due principally to LH 2 Non-Propul si ve Vent (NPV) 
imbalance and IU sublimator operation. Servo valve spool stiction 
caused a low amplitude oscillation in the J-2 engine pitch actuator 
when the thrust vector control system was inactive. 

10.3.1 S-IVB Control System Evaluation During Bum 

During S-IVB burn, control system transients were experienced at S-IB/ 

S-IVB separation, guidance initiation. Engine Mixture Ratio (MR) shift 
and terminal guidance mode (chi tilde) and S-IVB Engine Cutoff (ECO). 
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AVERAGE PITCH ENGINE PITCH NORMAL PITCH ANGULAR PITCH ATTITUDE 
POSITION (+ STEER ACCELERATION (+ TOWARD RATE (POSITIVE ERROR (POSITIVE 
NOSE DOWN), deg POSI TION III), m/s 2 NOSE up )» de 9' s NOSE UP), deg 


V begin PITCH/ROLL MANEUVER ty END ACCELEROMETER CONTROL 
W BEGIN ACCELEROMETER CONTROL W 2ND GAIN SWITCH 

W END ROLL MANEUVER W TILT ARREST 

V MACH 1 W INBOARD ENGINE CUTOFF 

V MAX q W OUTBOARD ENGINE CUTOFF 

V 1ST GAIN SWITCH STAGING 

MEASURED SIMULATED 
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AVERAGE YAW ENGINE YAW NORMAL YAW ANGULAR YAW ATTITUDE 

POSITION ( + STEER ACCELERATION (+ TOWARD RATE (POSITIVE ERROR (POSITIVE 

NOSE LEFT), deg POSITION IV), m/s2 NOSE RIGHT), deg/s NOSE RIGHT), deg 


V BEGIN PITCH/ROLL MANEUVER 

V BEGIN ACCELEROMETER CONTROL 

V END ROLL MANEUVER 
VMACH 1 

MAX q 

^ 1ST GAIN SWITCH 

MEASURED 


Vend accelerometer control 

W2ND GAIN SWITCH 
WTILT ARREST 
$ INBOARD ENGINE CUTOFF 
V OUTBOARD ENGINE CUTOFF 
^STAGING 

SIMULATED 
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Figure 10-2. Yaw Plane Dynamics During S-IB Burn 
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AVERAGE ROLL ENGINE ROLL ANGULAR RATE ROLL ATTITUDE ERROR 
POSITION (+ STEER CCW (POSITIVE CW VIEWED (POSITIVE CW VIEWED 
VIEWED FROM REAR), deg FROM REAR), deg/s FROM REAR), deg 

it i • _ •. • • _ 


W BEGIN PITCH/ROLL MANEUVER 

V BEGIN ACCELEROMETER CONTROL 
^ END ROLL MANEUVER 

V MACH 1 
^7 MAX q 

^ 1ST GAIN SWITCH ^STAGING 

MEASURED SIMl 


^7 END ACCELEROMETER CONTROL 
^ 2ND GAIN SWITCH 
VTILT ARREST 
V INBOARD ENGINE CUTOFF 
W OUTBOARD ENGINE CUTOFF 


SIMULATED 
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Figure 10-3. Roll Plane Dynamics During S-IB Bum 
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YAW PLANE ANGLE PITCH PLANE ANGLE TOTAL 

OF ATTACK (POSITIVE OF ATTACK (POSITIVE ANGLE OF ATTACK, deg 

NOSE RIGHT), deg NOSE UP), deg 


l 


V BEGIN PITCH/ROLL MANEUVER 

V BEGIN ACCELEROMETER CONTROL 

V END ROLL MANEUVER 
VMACH 1 

WMAX q 

V 1ST GAIN SWITCH 


VEND ACCELEROMETER CONTROL 

V 2ND GAIN SWITCH 

V TILT ARREST 
INBOARD ENGINE CUTOFF 
OUTBOARD ENGINE CUTOFF 

V STAGING 



SIMULATED 





Figure in-4. Pitch and Yaw Plane Free Stream Angle of Attack 
During S-IB Burn 
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Table 10-2. Maximum Control Parameters During S-IB Burn 



PITCH PLANE 

Y" 1 ..' PLANE 

ROLL PLANE 

PARAMETER 

AMPLITUDE 

RANGE 

TIME 

(SEC) 

amplitude 

RANGE 

TIME 

(SEC) 

AMPLITUDE 

RANGE 
TIME 
{ SEC i 

Attitude Error, deg 

0.75 

67.1 

-0.83 

81.0 

0.89 

138.3 

Angular Rate*, deg/s 

*1.02 

69.7 

-0.52 

80.2 

1.12 

13.7 

Average Gimbal Angle, 
deg 

0.91 

67.4 

-1.66 

80.7 

0.24 

58.6 

Angle of Attack., deg 

1.13 

67.2 

-1.31 

86.0 

-- 

-- 

Angle of Attack 
Dynamic Pressure 
Product, deg-N/cm 2 
(deg-lbf/'ft^) 

3.84 

(802) 

67.2 

-3.52 

(-735) 

86.0 



Normal Acceleration, 
m/s^ (ft/s^) 

0.47 

(1-54) 

66.9 

0.56 

(1.84) 

76.9 

-- 

-- 

•Angular rates are not considered valid due to the low sample rate 
noise content of the data from 50 to 60 seconds. 

and high 




The transients were expected and were well within the capabilities of the 
control system. A discussion of the structural response resulting from 
the S-IVB cutoff transient is contained in Section 8.2.4. 


The S-IVB bum pitch attitude error, angular rate, and actuator position 
are presented in Figure 10-5. The yaw plane bum dynamics are presented 
in Figure 10-6. The maximum attitude error and rate occurs for the pitch 
axis at IGM initiation. A summary of the maximum values of critical 
flight control parameters is presented in Table 10-3. 

The pitch and yaw effective thrust vector misalignments during the first 
part of burn (prior to MR shift) were +0.43 and +0.36 degrees, respectively. 
Following the MR shift, the misalignments were +0.24 and -0.20 degrees for 
pitch and yaw, respectively. A steady state roll torque prior to MR shift 
of 39.3 N-m (29.0 lbf-ft) counterclockwise looking forward required roll 
APS firings. The steady state roll torque following MR shift was 37.7 N-m 
(27.8 lbf-ft) counterclockwise looking forward and required roll APS firings. 
The steady state roll torque experienced on previous flights has ranged 
between 61.4 N-m (45.3 lbf-ft) counterclockwise and 54.2 N-m (40.0 lbf-ft) 
clockwise. 
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Figure 10-5. Pitch Plane Dynamics - S-IVB Burn 
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YAW YAW ANGULAR YAW ATTITUDE 

ACTUATOR POSITION RATE, deg/sec , ERROR, deg 
(POSITIVE EXTEND), deg 



V S-IVB BURN MODE ON "B" 

V GUIDANCE INITIATION 
W MIXTURE RAT 1 0 SHIFT 

V CHI TILDE 
W CHI FREEZE 

W S-IVB ENGINE CUTOFF 




Table 10*3. Maximum Control Parameters During S-IVB Burn 



Propellant sloshing during burn was observed on data obtained from the 
Propellant Utilization (PU) mass sensors and on the pitch and yaw actuator 
position and actuator valve current data. The propellant slosh had a 
negligible effect on the operation of the attitude control system. 

10.3.2 S-IVB Control System Evaluation During Orbit 

The APS provided satisfactory orientation and stabilization durinq orbit. 
Telemetry data following the deorbit propellant dumps and prior to reentry 
indicated that the vehicle was stabilized. Higher than predicteo APS 
Module 2 propellant usage was observed. 

Significant events related to orbital coast attitude control were the 
maneuver to the in-plane local horizontal following S-IVB cutoff, spacecraft 
separation, and seven maneuvers for the S-150 experiment. Table 10-4 
describes the maneuvers during orbit. The pitch attitude error and 
angular rate for events during which telemetry data were available are 
shown in Figure 10-7. 

Following S-IVB cutoff and switching to the orbital coast control mode, 
the vehicle was maneuvered to the in-plane posigrade local horizontal 
{position I down), and the orbital pitch rate was established. This 
maneuver began at 613 seconds (00:10:13) and consisted of approximately 
-15 degrees in pitch, +1.8 degrees in yaw, ana +0.7 degrees in roll. 

Spacecraft separation, which occurred at approximately 1080 seconds 
(00:18:00), produced vehicle disturbances similar to SA-206. See Section 

10.5.2 for a discussion of vehicle motion during CSM sepc ation. 

At 1314 seconds (00:21:54) the first of a series of seven S-150 experiment 
maneuvers was begun. Table 10-4 describes the type o^ maneuver, time of 
maneuver, and the change in vehicle attitude. The first maneuver placed 
the vehicle 3 degrees from a retrograde local horizontal attitude. The 
second maneuver placed the vehicle in the retrograde local horizontal 
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Table 10-4. Attitude Maneuvers During Orbit 


MANEUVER 

TIME OF 
MANEUVER 

(SEC ) 

PITCH ATTITUDE 
f DEG) 

YAW ATTITUDE 
(DEG) 

ROIL ATTITUDE 
(DEG) 

Maneuver to Lcjal 
Horizontal (Position 
1 Down) 

613 to 670 

262.3 to 247 

-1.0 to 0.8 

-0.7 to 0.0 

Pitch Maneuver to +177® 
from Local Horizontal 

1314 to 1800 

203 to 350 

-0.5 to 0.6 
(Note 2) 

0.0 

Maneuver to Retrograde 
Local Horizontal and Roll 
-177 Degrees 

2855 to 3155 

274 to 277 

1 .0 (Note 2) 

0.0 to -177.0 

-138 Degree Roll Maneuver 

5800 to 6500 

(Note 1 ) 

(Note 2) 

-177.0 to 45.0 

+135 Degree Roll Maneuver 
(Position III Down) 

6231 to 6500 

(Note 1) 

(Note 2) 

45.0 to 180.0 

♦45 Degree Roll Maneuver 

8930 to 9030 

(Note 1) 

(Note 2) 

180.0 to 225.0 

-45 Degree Roll Maneuver 
(Position III Down) 

12,980 to 
13,070 

(Note 1) 

(Note 2) 

225.0 to 180.0 

+90 Degree Roll Maneuver 
(Position IV Down) 

14,280 to 
14,460 

(Note 1) 

(Note 2) 

180.0 to 270.0 
— 


Note 1 Orbital Pitch Rate of Approximately -0.068 deg/sec 
Note 2 Yaw Attitude Maintained In Orbit Plane 
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attitude, where the vehicle remained for the duration of the mission. The 
remaining maneuvers were all about the roll axis. 

Propellant usage rate from APS Module 2 was higher than predicted through- 
out most of time base 4 (refer to Section 7.8 for APS consumption data). 
Prior to the flight, both modules were predicted to use approximately 
the same amount of propellant. A postflight reconstruction of disturbances 
using APS thruster firing histories indicated that the S-IVB LH 2 Non- 
Propulsive Vent (NPV) and the IU Environmental Control System (ECS) 
sublimator were the major contributors to the higher than predicted 
propellant usage. 

The effect of the LHp NPV is shown in Figure 10-8. The pitch and 
roll attitude errors reflect a disturbing moment concurrent with the onset 
of LH 2 relief venting at 3560 seconds (00:59:20). It is estimated that 
the average NPV pitch disturbing moment was between two and three ft-lb 
and that the NPV accounted for 50 to 70 percent of the increased APS 
propellant usage. Reconstruction of the total pitch disturbing moment 
{Figure 10-9) shows a correlation with sublimator water valve cycles. 

The yaw disturbing moment was also observed to change direction in a 
cyclic manner which correlated with sublimator operation. Net yaw moment 
was slightly more than 1.0 ft-lb prior to a water valve cycle and 
approximately -1.0 ft-lb inmediately following. 

The NPV effect was less than that which can be produced by allowable toler- 
ances of NPV thrust imbalance and vent misalignment. Demands originating 
from the IU sublimator were minor and resulted from normal operation. 

10.3.2.1 Pitch Actuator Disturbance 

The pitch actuator exhibited a low frequency small amplitude oscillation 
during several periods when the thrust vector control system was inactive 
and the auxiliary hydraulic pump was on for thermal conditioning. Available 
data shows that actuator motion occurred during the following periods: 

1. For approximately 300 seconds prior to start of S-IVB bum. 

2. Following S-IVB cutoff until normal hydraulic pressure decay 
(approximately 90 seconds after bum mode off signal). 

3. For approximately the first ten seconds of auxiliary pump cycle 
#2 (5656 seconds to 5704 seconds). 

4. During auxiliary pump cycle #4 (11,056 seconds to 11,104 seconds). 

5. During auxiliary pump cycle #6 (15,646 seconds to 16,126 seconds). 

Prior to S-IVB bum and during auxiliary pienp cycles number 4 and number 6, 
the pitch actuator motion was periodic with periods of 100 seconds, 25 
seconds and between 12 and 20 seconds, respectively. The peak-to-peak 
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Figure 10-8. APS Activity During LHg NPV Relief Venting (Sheet 2 of 2) 
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Figure 10-9. S-IVB Pitch Disturbance Ourlng Coast 


amplitude of the motion ranged between 0.1 and 0.2 degrees of engine 
deflection, in addition to the motion observed on the pitch actuator, 
the engine position null offset observed during auxiliary pump on cycles 
was larger than noted on previous flights. SA-206, for example, showed a 
maximum pitch and yaw null offset for these periods of approximately 
0.1 degree, while on SA-207 null offsets were observed to be approximately 
-0.30 degree iri pitch and 0.4 degree in yaw. While larger than observed 
on previous flights, these null offset values are within the specification 
range for the servo valve. 

An analog computer simulation of the valve actuator dynamics was implemented 
to investigate the low amplitude oscillation characteristics of the system 
with non-linear characteristics in the valve. Stiction (static fiction) 
in the valve spool (due to minute contaminants in the valve), suspected 
to be the cause of low amplitude oscillations, was included in the simu- 
lation. Figure 10-10 presents a comparison of a simulation generated 
engine position and the actual engine position during auxiliary pump 
cycle number 6. A small amount of spool stiction (equivalent to 0.01 
inch-pounds of torque-motor torque) is all that was required to produce 
the oscillations. A slight asynmetry in the stiction characteristic was 
included to achieve the asymnetric engine position trace. These simula- 
tion results substantiate the conclusion that spool stiction caused the 
low amplitude oscillations observed and that the level of this stiction 
was quite low, having a negligible effect on system performance at higher 
amplitudes such as during powered flight or during deorbit dump. 
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10.3.3 S-IVB Control System Evaluation During Deorbit 

Satisfactory vehicle stability and control characteristics were observed 
during the deorbit propellant dump. Thrust Vector Control (TVC) was used 
for pitch and yaw, while the APS was used for roll control. Attitude 
error and attitude rate data for the pitch, yaw and roll axes along with 
APS firing data are presented in Figure 10-11 (Sheet 1 of 2) for the last 
132 seconds of the 445 second LOX dump and the 590 second LH 2 dump. The 
figure also shows the 30 second period between LOX and LH 2 dump, during 
which time there is no thrust to provide pitch and yaw control moment. 

Although telemetry data could not be obtained for the first 313 seconds of 
the LOX dump, a comparison of the steady-state value of the attitude error 
data in the figure with predicted maximum values shows that, in general, 
performance was better than predicted. For example, the steady-state 
pitch attitude error was predicted to be approximately -3.12 degrees, 
while the actual is observed to be approximately -0.15 degree. The pre- 
dicted maximum value is based on the known attitude error contribution 
due to center of gravity (eg) offset, which is approximately -1.12 degrees 
and a worst case thrust vector misalignment (in magnitude and direction) 
which adds an additional -2.00 degrees. A comparison of the average yaw 
attitude error shows a similar improvement over the predicted values. The 
predicted maximum steady-state yaw attitude error is approximately -3.7 
degrees, while the actual is only -2.1 degrees. The predicted yaw atti- 
tude error is also based on contribution due to eg offset, which Is known 
to be -1.7 degrees, and the worst case thrust vector misalignment contri- 
bution of -2.00 degrees of attitude error. 

Analysis of the observed data shows that, in addition to attitude errors 
due to eg offset and thrust vector misalignment, actuator null bias pro- 
vided a significant contribution to the total attitude error. (Actuator 
null bias is obtained as the difference between the observed actuator 
position and the commanded actuator position.) Actuator null bias on 
previous flights has been near zero. For example, SA-206 actuator null 
bias during deorbit was not measurable and during powered flight amounted 
to approximately -0.06 degree and 0.07 degree in pitch and yaw actuator 
position, respectively. On the other hand, the SA-207 average null bias 
amounted to -0.1 and 0.27 degrees in pitch and yaw, respectively, during 
powered flight and -0.26 and 0.40 degrees during deorbit. Including the 
actuator null bias in the analysis of the SA-207, the average pitch attitude 
error during deorbit shows that the observed value of -0.15 degrees is com- 
posed of (a) -1.12 degrees of attitude error due to the known eg offset, 

(b) 0.52 degrees of attitude error due to null bias and (c) 0.45 degrees 
of attitude error due to the effective thrust vector misalignment. A 
similar breakdown for the average yaw attitude error shows that the ob- 
served value of -2.1 degrees Is composed of (a) -1.70 degrees of attitude 
error due to the known eg offset (b) -0.80 degrees of attitude error due to 
null bias and (c) 0.40 degrees of attitude error due to thrust vector 
misalignment. 

During the 30 second period between LOX and LH? dump (19,672 seconds 
[05:27:52] to 19,702 seconds [05:28:22]), in which there is no thrust 
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for control, it is noted from the figure that the delta increase in 
attitude error is much larger in yaw than in pitch. The reason for this 
is that the residual yaw rate at 10X dump termination is much larger than 
the residual pitch rate (-0.2 de b rees/second versus approximately 0.03 
degrees/second). In both axes, the sense of the rate tends to increase 
the attitude errors during the uncontrolled period. 

A comparison of the maximum peak to peak amplitudes for SA-206 and SA-207 
attitude error data shows the SA-207 data to be well within that reported 
previously for SA-206. For example, the maximum peak to peak amplitude 
occurred in yaw for SA-206 and was approximately 4.6 degrees. The SA-207 
maximum peak to peak attitude error also occurred about the yaw axis but 
was only 2.7 degrees. 

The vehicle was observed to be limit cycling in the roll axis during LOX 
and LH2 propellant dumps, thus indicating a very low or no roll torque 
on the vehicle during the propellant dumps. There was a slight roll dis- 
turbance at approximately 19,800 seconds (05:30:00) which required one 
pair of roll APS firings to control. 

The programmed command for S-IVB burn mode off "B" was corananded at 20,292.9 
seconds (05:38:12.9), completing the requirements for transferring pitch and 
yaw attitude control from the thrust vector control system to coast attitude 
control system. 

Initial conditions for coast attitude control were as follows: 


Pitch Attitude Error 

-0.4 deg 

Pitch Angular Rate 

0.1 

deg/sec 

Yaw Attitude Error 

-1.2 deg 

Yaw Angular Rate 

-0.1 

deg/ sec 

Roll Attitude Error 

-0.4 deg 

Roll Angular Rate 

0.1 

deg/sec 


These attitude errors and angular rates were nulled out by the coast 
attitude control system. As can be seen from Figure 10-11, disturbances 
on the vehicle following the propellant dumps were small. 

10.4 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION 

The control subsystem functioned properly throughout the SA-207 mission. 
All planned maneuvers occurred at or near the anticipated times of flight. 
Gain switching and the limited use of control accelerometers during S-IB 
boost were accomplished properly. 

10.5 SEPARATION 

10.5.1 S- IB/S- I VB Separation 

A detailed reconstruction of the separation dynamics was not possible, 
since S-IVB data dropped out for approximately 2.3 seconds following 
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separation. The separation analysis was done by comparing SA-205 data 
with the available SA-207 data. Comparison of S-IB and S-IVB longitudinal 
acceleration and body rates with SA-205 data showed essentially nominal 
separation. 

Figure 10-12 shows the S-IB/S-IVB longitudinal acceleration, and Figure 
10-13 shows pitch, yaw, and roll anqular rates during S-IB/S-IVB separation. 
Vehicle dynamics were nominal and well within staging limits. 

10.5.2 S-IVB/CSM Separation 

S-IVB/CSM separation was accomplished on SA-207 with the vehicle in the 
in-plane local horizontal attitude with an orbital pitch rate of approxi- 
mately -0.068 degrees/second. S-IVB disturbances due to spacecraft 
separation were f^rst observed at 1080.6 seconds (00:18:00.6) on APS 
engine firing data. However, disturbances may have occurred earlier, 
but were not evidenced due to data dropout during separation. The S-150 
experiment deployment sequence which is referenced to S-IVB/CSM separation 
indicates that S-IVB/CSM separation occurred at approximately 1080.4 
seconds (00:18:00.4). Maximum vehicle rates following separation were 
0.09 degrees/second pitch, -0.09 degrees/second yaw, and 0.0 degrees/ 
second roll. APS firings occurred for approximately 30 seconds following 
separation in response to separation-induced disturbances. 
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Figure 10-12. S-IB/S-IVB Longitudinal Acceleration During Separation 






S’ 0.5 

-o 


<-> < on 

h- a: u • u 


S ‘0.5 


S ’ °‘ 5 

T3 


y> 0.50 



TIME FROM SEPARATION, SECONDS 


Figure 10-13. Angular Velocities During S-IB/S-IVB Separation 
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SECTION 11 

ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM 


11.1 SUMMARY 

The electrical systems and Emergency Detection System (EDS) of the SA-207 
launch vehicle performed satisfactorily during the flight. Battery perform- 
ance (including voltages, currents, and tenperatures) was satisfactory and 
remained within acceptable limits. Operation of all power supplies, 
inverters. Exploding Bridge Wire (EBW) firing units, and switch selectors 
was nominal. 

11.2 S-IB STAGE ELECTRICAL SYSTEM 

The S-IB-7 stage electrical system was modified to eliminate a single-point 
failure mode in the premature ignition detection circuit and to add shield- 
ing to the Remote Digital Sub-Multiplexer signal input and signal return 
wires. There were no malfunctions associated with the changes. 

The S-IB stage electrical system operated satisfactorily. Battery voltage 
and current excursions during flight coincided with significant vehicle 
events as predicted. Voltages of the 1D10 and 1D20 batteries averaged 
29.0 and 28.3 V, respectively, from power transfer to S-IB/S-IVB separation 
and remained within the allowable range of 27 to 30 V. The current from 
batteries 1 DIO and 1D20 averaged 10.2 and 19.2 amperes, respectively, 
throughout the boost phase. The most pronounced power drains were caused 
by the H-l engines conax valve firings and prevalve operations during S-IB 
stage engine cutoff. Battery power consumption was within the rated 
capacity of each battery as shown in Table 11-1. 

The three measuring voltage supplies performed satisfactorily and remained 
within the allowable range of 5.000 +.0125 V. 

All switch selector channels functioned as conmanded by the Instrument 
Unit (IU) and were within the required time limits. 

The separation and retro motor EBW firing units were armed and triggered 
as programed. Charging time and voltage characteristics were within 
performance limits. 

The range safety command system EBW firing units were in a state-of- 
readiness for vehicle destruct had it been necessary. 
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Table 11-1. 


S-IB Stage Battery Power Consumption 




POWER CONSUMPTION* 

BATTERY 

RATED 
CAPACITY 
( AHP-HR) 

AMP- HR 

PERCENT 

OF 

CAPACITY 

1010 

33.3 

4.7 

14.0 

1Q?G 

33.3 

5.3 

15.8 

•From activation until end of telemetry (at 386 seconds). 


11.3 S-IVB STAGE ELECTRICAL SYSTEM 

The S-IVB stege electrical system performed satisfactorily. The battery 
voltages and currents remained within the normal range. 

Battery temperatures remained within specified limits indicating that all 
battery heater controllers operated properly. 

Battery voltage, current and temperature plots are shown in Figures 11-1 
through 11-4. 

Battery power consumption was within the rated capacity of each battery as 
shown In Table 11-2. The three 5 V and five 20 V excitation modules all 
performed within acceptable limits. The LOX and LH 2 chi 11 down inverters 
performed satisfactorily and fulfilled load requirements. 

All switch selector channels functioned properly, and all sequencer outputs 
were issued within required time limits. 

Performance of the EBW circuitry for the separation system was satisfactory. 
Firing unit charge and discharge responses were within predicted time and 
voltage limits. The comnand destruct firing units were in the required 
state-of- readiness had vehicle destruct been necessary. 
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Figure 11-2. S-1VB Stage Forward No. 2 Battery Voltage, Current, and Temperature 
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Figure 11-3. S-IVB Stage Aft No. 1 Battery Voltage, Current, and Temperature 
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Figure 11-4. S-iVB Stage Aft No. 2 Battery Voltage, Current, and Temperature 


TENPCIttr'tt. *K 


Table 11-2. S-IVB Stage Battery Power Consumption 


BATTERY 

RATED 

CAPACITY 

(AMP-HR) 

POWER CONSUMPTION* 

AHP-hR 

PERCENT 

OF 

CAPACITY 

Forward No. 1 (4030) 

227.5 

89.5 

39.3 

Forward No. 2 (4D20) 

3.5 

3.4 

97.1 

Aft No. 1 (4D10) 

59.8 

15.7 

26.3 

Aft No. 2 (4040) 

66.5 

55.1 

82.9 


♦From battery activation until end of telemetry (at 20,459 seconds) 


11.4 INSTRUMENT UNIT ELECTRICAL SYSTEM 

The IU electrical system was modified to incorporate the Galactic X-Ray 
(S-150) experiment. Experiment power was provided from the 6030 battery 
through the 6031 bus by the addition of an experiment distributor and 
associated cabling. 

The IU electrical system functioned satisfactorily. All battery voltages 
remained within performance limits of 26 to 30 V. The battery temperature 
and current were nominal. Battery voltages, currents and temperatures are 
shown in Figures 11-5 through 11-7. 

Battery power consumption and capacity for each battery are shown in 
Table 11-3. As expected, addition of the S-150 experiment equipment 
increased battery power consumption. 

The current sharing of the 6010 and 6D30 batteries, to provide redundant 
power to the ST-124M platform was satisfactory throughout the flight. 
During the S-IB bum, current sharing reached a maximum of 24 and 25.5 
amperes from the 6010 and 6030 battery, respectively. 

The 56 volt power supply maintained an output voltage of 55.5 to 56.5 V 
which is well within the required range of 56 +2.5 V. 

The 5 volt measuring power supply performed nominally, maintaining a 
constant voltage within specified tolerances. 
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Figure 11-7. IU 6D40 Battery Parameters 





The switch selector, electrical distributors and network cabling performed 
nominally. 


Table 11-3. Ill Battery Power Consumption 




POWER CONSUMPTION* 

BATTERY 

RATED 

CAPACITY 

(AMP-HR) 

AMP-HR 

PERCENT 

OF 

CAPACITY 

6D1 0 

350 

132.6 

37.9 

6D30 

350 

150.1 

42.9 

6D40 

350 

183.2 

52.3 

*From battery 

activation until 

end of telemetry (at 20,500 seconds). 


11.5 EMERGENCY DETECTION SYSTEM 

The performance of the SA-207 EDS was normal and no abort limits were 
exceeded. All switch selector events associated with EDS for which data 
are available, were issued at the scheduled times. The discrete indications 
for EDS events also functioned normally. The performance of all thrust OK 
pressure switches and associated voting logic, which monitors engine status, 
was nominal insofar as EDS operation was concerned. S-IVB tank ullage 
pressures remained below the abort limits. EDS displays to the crew were 
normal . 

As shown in Section 10, none of the rate gyros gave an indication of angular 
overrate about the pitch, yaw, or roll axis. The maximum angular rates were 
well below the abort limits. 

The operation of the EOS Cutoff Inhibit Timer was nominal. The timer ran 
for 41.58 seconds which is within the specified limits of 40 to 42 seconds. 



SECTION 12 


VEHICLE PRESSURE ENVIRONMENT 


12.1 S-IB BASE PRESSURE 

Environmental pressure data in the S-IB base region of SA-207 have been 
compared with preflight predictions and/or previous flight data and 
show good agreement. Base drag coefficients were also calculated using 
the measured pressures and actual flight trajectory parameters. There 
were three base pressure measurements In the S-IB base region; two on 
the heat shield and one on the flame shield. One measurement on the 
heat shield was a differential pressure across the shield, whereas the 
other two measurements were of absolute pressures. 

Results of the heat shield and flame shield absolute pressure measure- 
ments are shown in Figures 12-1 and 12-2, respectively. These data are 
presented as the difference between measured base pressures and ambient 
pressure and in coefficient form ([measured-ai?bient]/dynamic pressure). 
Values are compared with the band of data obtained from previous S-IB 
flights of similar vehicle base configuration and show good agreement. 

Both the heat shield and flame shield pressure measurements were almost 
identical to the data from SA-206 flight. The data indicate that durinq 
the first 70 seconds of flight (up to 6 n ml) the H-l engine exhausts and 
base flow were aspirating the heat shield region, resulting in base 
pressures below ambient pressures. In the flame shield area, the aspirating 
effect was terminated at an altitude of 4 n ml. Above these altitudes 
the reversal of engine exhaust products, due to plume expansion, resulted 
in base pressures above ambient as was expected. 

Pressure loading, measured near the outer perimeter of the SA-207 heat 
shield, is compared with data from previous flights in Figure 12-3. 

The SA-2C7 data remained on the lower side of the data band during flight 
at altitudes below 5 n mi. This also occurred on the SA-206 flight and 
the two sets of flight data agree very well. 

Also shown in the figure is the predicted differential pressure band for 
the heat shield. The flight values were well within these limits during 
the entire flight. Above 15 n ml altitude, the SA-207 flight data returned 
to near zero indicating the engine compartment had vented to near base 
pressure. This is normal and occurred on all Devious flight: except 
SA-205. 
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Figure 12-1. S-iB Stage Heat Shield Pressure 
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Figure 12-3. S-IB Stage Heat Shield Loading 
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Base drag coefficients calculated from the SA-207 data are compared 
to the data band from previous flights In Figure 12-4. The comparison 
is very good considering that the drag coefficients were determined 
from measurements taken at only two locations on the base. However, 
these measurements are representative of average base pressures. 
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Figure 12-4. S-IB Stage Base Drag Coefficient 
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SECTION 13 


VEHICLE THERMAL ENVIRONMENT 


13.1 S— IB BASE HEATING 

The thermal environment measured in the SA-207 S-IB base region has been 
compared with corresponding data from flights SA-203 through SA-206. 

With the exception of the flame shield radiation heating data (measure- 
ment C06Q3-006), these conparisons show excellent agreement. In all areas 
the measured thermal environments in the base region of SA-207 were well 
below the S-IB stage design level. There were seven base region thermal 
environment measurements flown on SA-207. 

Heat shield thermal environment data are presented as a function of 
vehicle altitude in Figures 13-1 through 13-4. The trend and magnitude 
of the SA-207 data traces are consistent with the bands formed by data 
from SA-203 through SA-206. These data are also consistent with the base 
pressure data presented in Figure 12-2, showing the effect of exhaust gas 
reversal into the heat shield region beginning at an altitude of approxi- 
mately 5 n mi. Additionally, these data show that there is a sustained 
reversal of exhaust gases into the region at altitudes above 15.5 n ml. 

Data from the three flame shield thermal measurements are presented in 
Figures 13-5, 13-6, and 13-7. The bands formed by the data recorded on 
previous flights are also shown for comparison. 

Measured flame shield total heating rates from SA-207 (Figure 13-5) 
were about as expected, being in the upper portion of the band of previous 
data between the altitudes of 0.4 and 2.5 n mi. The slight drop below 
this band at 4 to 5 n mi altitude is minor and of little significance. 

Gas temperatures, presented in Figure 13-6, also show generally good 
agreement with a slight deviation from the previous data band between 
the altitudes of 0.25 and 1.25 n mi. These temperature data then 
tended to remain near or just above the previous data band up to an 
altitude of 2.7 n mi. Beyond this point, the SA-207 data followed the 
normal o.'op in gas temperature to a value that is comparable to the 
turbine exhaust gas exit tenperature. This drop In flame shield gas 
temperature is brought about by the reversal of engine exhaust gases 
that trap the cooler (approximately 800°K) turbine exhaust gases below 
the flame shield. 


13-1 


HEAT FLUX, watts/cm2 


C061 1-003 


III 


:::::: SA-203 THRU SA-206 DATA BAND 

SA-207 DATA 

V IEC0 



•IV 



Figure 13-1. S-IB Stage Heat Shield Inner Region Total Heating Rate 
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Figure 13-2. S-IB Stage Heat Shield Inner Region Radiation Heating Rate 
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Figure 13-3. S-IB Stage Heat Shield Inner Region Gas Temperature 


13-4 


GAS TEMPERATURE 



ALTITUDE, n mi 


Figure 13-4. S-IB Stage Heat Shield Outer Region Gas Temperature 









Figure 13-5. S-IB Stage Flaw Shield Total Heating Rate 
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Figure 13-6. 


S-IB Stage Flame Shield Gas Temperature 
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Figure 13-7. S-IB Stage Flame Shield Radiation Heating Rate 
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The flame shield radiation heating environment, as recorded by measurement 
C0603-C06 „ is presented in Figure 13-7. As shown, there is an appreciable 
deviation in the trend of the SA-207 radiant environment in comparison with 
the previous data band. It should be noted, however, that the magnitude 
of these data remained well below the flame shield design level. This 
deviation occurred from an altitude of 0.2 n mi until the aspiration of air 
into the area was terminated with the intersection of inboard engine 
exhaust plumes and subsequent exhaust gas reversal (approximately 2.7 
n mi). Following this reversal the radiant environment returned to near 
nominal remaining 1 to 2 watts/cm2 above the previous data band. 


The flame shield thermal design is based on the much higher environ- 
ments recorded prior to the configuration change that was effective on 
SA-203. Prior to SA-203 the inboard engine turbine exhaust gases were 
ducted overboard and the flame shield was recessed approximately 6 inches 
above the inboard engine nozzle exit plane. This is shown schematically 
by Section AA in Figure 13-8. Effective on SA-203 the inboard turbine 
exhaust gases were rerouted such that they were dumped through the flame 
shield on the inboard side of the engines (Section BB, Figure 13-8), 
and the flame shield was moved aft 6 inches. 

The overall impact of this configuration charge on the flame shield 
thermal environment is shown in Figures 13-9, 13-10 and 13-11. These 
figures compare the data envelopes from the Saturn I, Block II vehicles 
and the Saturn IB vehicles since SA-203. Also shown are the SA-207 
data traces along with the S-IB flame shield radiant and total heating 
design levels. As shown by these comparisons the rerouted turbine exhaust 
design resulted in a significant reduction in the severity of the flame 
shield thermal environment. The gases that are now dumped into this 
region ore very opaque and prevent much of the radiation from the hct 
exhaust plumes from reaching the flame shield. The comparison in Figure 
13-9 also shows that the aforementioned deviation in the trend of the 
SA 207 radiant environment remainec well below the flame shield thermal 
design capability. 

The cause of the increased radiant heating is unknown; however, several 
possible causes have been investigated. The data trend does not indicate 
erroneous measurements. The data trace is smooth, with no irregularities, 
and decays to zero after OECO in a normal manner. None of the data indi- 
cate a deviation in either engine or turbine performance. 

There are two possible causes which would «llow more radiation from the 
engine exhaust plume to reach the flame shield radiometer: 

a. A reduction in opaqueness of the turbine exhaust gas would allow 
more radiation to be detected. However, because a comparable 
deviation was not detected by the total calorimeter, it would be 
necessary for such a reduction to have been localized; product* q a 
much greater effect in the vicinity of the radiation calorimetei . 


13-9 




Figure 13-8. S-IB Stage Flame Shield Configurations 
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Figure 13-9, Comparison of S-IB Stage Flare Shield Radiant Heating Data with Design Level 
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Figure 13-10. Comparison of S-IB Stage Flame Shield Total Heating Data with Design Level 
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Figure 13-11. Comparison of S-IB Stage Flame Shield Gas Temperature Data 
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This could have been Induced by a slight alteration In the flow 
pattern from one of the turbine exhaust ducts. A small window In 
the turbine exhaust of Engine No. 5 or 6 could allow the radiation 
calorimeter to view a relatively constant emission source until 
exhaust gas reversal was realized. The position of this window 
could be such that the total calorimeter did not view the emission 
source and hence, did not experience a comparable deviation. 

b. Sustained local afterburning of the turbine exhaust gases could 
also cause an increase in the reading of the radiation calorimeter. 
Combustion analyses and films verify that the turbine exhaust gases 
can be ignited if mixed with sufficient air. However, except under 
controlled conditions, the flame from this Ignition is of low Infrared 
intensity and remains shrouded by soot. In the flame shield area 
it is questionable if a combustible mixture could be maintained 
by the air supply that is being drawn Into the region during aspiration. 
Furthermore if a combustible mixture did exist something would have 
to serve as a flame holder in order to sustain local burning. Otherwise, 
the flame, and the combustible mixture, would be drawn downstream 
by the action of the engine exhaust plumes. It Is difficult to 
conceive of any deformation or flow disruption In this region that 
would serve as a viable flame holder. 

The SA-207 flame shield and turbine exhaust duct configurations were 
unchanged from previous vehicles since SA-203. Only two notable 
deviations were found as a result of reviewing manufacturing records 
and work order sheets. One was that Engine No. 5 was replaced on 
SA-207 after static tests. However, all flight performance data 
from this engine appeared normal. The second was an Unsatisfactory 
Condition Report (UCR) that was filed concerning Engine Position 6 
turbine exhaust duct warpage. The position In response to this UCR 
was that the exhaust duct warpage was within tolerances expected 
following an engine hot- firing." As related to the subject devia- 
tion, such a warpage muy or may not have been sufficient to cause 
a disruption In the normal exit flow pattern of the turbine exhaust 
gases. 

Neither of these explanations is completely satisfactory, but reduced 

^ocal cpaqueness is more probable. The SA-207 thermal environment 

was well below the thermal design capability, and neither the devi- 
ation nor its cause Is of continuing concern. 
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SECTION 14 


ENVIRONMENTAL CONTROL SYSTEMS 


14.1 SUMMARY 

The S-IB stage engine compartment and instrument compartment require 
environmental control during prelaunch operations, but ars not actively 
controlled during S-IB boost. The desired temperatures were maintained 
in both compartments during the prelaunch operation. 

The Instrument Unit (IU) stage Environmental Control System (ECS) 
exhibited satisfactory performance for the duration of the IU mission. 
Coolant temperatures, pressures, and flowrates were continuously main- 
tained within the required ranges and design limits. 

14.2 S-IB ENVIRONMENTAL CONTROL 

The S-IB engine compartment temperature was maintained at approximately 
63° F for 7 hours prior to liftoff. Data from this measurement are moni- 
tored during p^elaunch activities to assess ECS flow and supply tem- 
perature requirements for maintaining engine compartment temperature 
within the specified limits of 53 and 75° F. In maintaining the 63°F 
engine temperature, the ECS delivery was nominal, with GN2 being sup- 
plied to the S-IB stage aft compartment at the average rate of approxi- 
mately 300 lbm/mln, with an interface temperature of approximately 
139°F. 

The S-IB instrument compartment envl rcnmental conditioning system also 
performed satisfactorily during countdown. This was evidenced by the 
D20 and D10 battery case temperatures. Battery temperatures remained 
at approximately 76°F throughout the countdown. This temperature 
range was maintained after LOX load by a GNp conditioning flow of 
44 ibm/min at a temperature of 78°F. 

It was concluded that the critical conponents In the engine and instru- 
ment compartments were well within their qualification limits. 

14.3 IU ENVIRONMENTAL CONTROL 

The IU ECS exhibited normal performance for the duration of the IU 
mission Including Initiation of deorbit. Coolant temperatures, pressures, 
and flowrates were continuously maintained within the required ranges and 
design limits. 
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14.3.1 Thermal Conditioning System (TCS) 

The TCS performance was satisfactory throughout the IU mission. The 
temperature of the coolant supplied to the IU thermal conditioning 
panels, IU internally cooled components, and the S-IV6 was con- 
tinuously maintained within the required limits of 45 to 68°F for the 
IU lifetime. 

Sublimator performance parameters for the initial cycle are presented 
in Figure 14-1. The water supply valve opened as programed at approxi- 
mately 180 seconds, allowing water to flow to the sublimator. Slg- 
nificint cooling by the sublimator was evident at approximately 230 
seconds at which time the temperature of the coolant began to decrease 
rapidly. At the first thermal switch sampling (480 seconds), the coolant 
temperature was below the thermal switch actuation point; hence the 
water supply valve closed. 

Figure 14-2 shows temperature control parameters over the total mission. 
Sublimator cooling was normal and the coolant control temperature 
was maintained within the required limits of 45 to 68°F. 

Hydraulic performance of the TCS was nominal as Indicated by the para- 
meters shown In Figure 14-3. System flowrates and pressures were 
relatively constant throughout the mission. 

The TCS GN 2 supply sphere pressure decay, which Is Indicative of the GN 2 
usage rate, was nominal as reflected by Figure 14-4. 

14.3.2 Gas Searing System (GBS) 

The GBS performance was nominal throughout the IU mission. Figure 14-5 
depicts the platform pressure differential and platform Internal 
pressure. 

The GBS GN 2 supply sphere pressure decay was nominal as shown In Figure 
14-6. 

14.3.3 Component Tempera tures 

Low emissivity surfaces were installed on SA-207, S-IVB stage, between 
the forward skirt cold plates and stage structure to Insure that IU 
component temperatures remain above mlnliman operating temperatures. 

All internally cooled component temperatures were normal throughout the 
mission as shown In Figures 14-7 and 14-8. 
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Figure 14-1. IU Subllmator Start Up Parameters for Initial Cycle 
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Figure 14-2. IU TCS Coolant Control Parameters 
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Figure 14-3. IU TCS Hydraulic Performance 
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Figure 14-4. IU TCS GN 2 Sphere Pressure (D25-601) 
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Figure 14-5. IU Platform Internal Gas Bearing GN 2 Pressures 
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Figure 14-7. Selected lU Component Temperatures 
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Figure 14-8. Selected IU Component Temperatures 
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SECTION 15 


DATA SYSTEMS 


15.1 SUftlARY 

The SA-207 vehicle data systems performed satisfactorily except for a 
failure in the S-IVB telemetry system. This failure resulted in the 
loss of three S-IVB measurements, but had no impact on vehicle perfor- 
mance or postflight analysis. The overall measurement system reliability 
was 99,6 percent. The usual telemetry interference due to flame effects 
and staging were experienced. Usable telemetry data were received until 
20,500 seconds (5:41:40). Good tracking data were received from the 
C-Band radar, with Kwajalein (KWJ) indicating final Loss of Signal (LOS) 
at 21,175 seconds (5:52:55). The Secure Range Safety Command Systems 
on the S-IB and S-IVB stages were ready to perform their functions 
properly, on command, if flight conditions during launch phase had 
required destruct. The Digital Command System (DCS) performed satisfac- 
torily from liftoff through deorbit. Instrument Unit (IU) telemetry 
data needed for real time support of deorbit operations were not avail- 
able at Mission Control Center- Ho us ton (MCC-H) during the third orbital 
revolution pass over the Hawaii (HAW) ground station because of improper 
implementation of ground procedures at HAW and Johnson Space Center 
(JSC). In general, ground engineering camera coverage was fair being 
somewhat below the standard set by previous launches. Three S-150 
experiment data dumps were satisfactorily accomplished. 

15.2 VEHICLE MEASUREMENT EVALUATION 

The SA-207 launch vehicle had 821 measurements scheduled for flight; 
one measurement was waived prior to start of the automatic countdown 
sequence leaving 820 measurements active for flight. Three measure- 
ments failed during flight, resulting in an overall measurement system 
reliability of 99.6 percent. A summary of measurement reliability is 
presented in Table 15-1 for the total vehicle and for each stage. The 
waived measurements and partially failed measurements are listed by 
stage in Tables 15-2 and 16-3. These measurement problems had no sig- 
nificant impact on postflight evaluation. 

15.3 AIRBORNE TELEMETRY SYSTEM EVALUATION 

The stage telemetry systems provided good data from liftoff until each 
stage exceeded each subsystem's range limitations. A failure in the 
S-IVB telemetry subsystem at approximately 142 seconds resulted in the 
loss of three measurements. This failure is discussed in detail in 
paragraph 15.3.1. Procedural errors at HAW and JSC caused some real 
time data display problems during the third orbital revolution pass 
over HAW. This anomaly is discussed in paragraph 15.3.2. The five 
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Table 15-1. SA-207 Measurement Summary 


MEASUREMENT 

CATEGORY 

■ 


INSTRUMENT 

UNIT 

TOTAL 

VEHICLE 

Scheduled 

266 

239 

316 

821 

Waived 

0 

1 

0 

1 

Failed 

0 

3 

0 

3 

Parti al 
Failed 

0 

0 

0 

0 

Questionable 

0 

0 

0 

0 

Reliabi 1 i tv 
Percent 

100% 



98.7% 

100% 

99.6% 


telemetry links performed satisfactorily although data dropouts, as 
indicated in Table 15-4, were experienced at various times. These 
dropouts are similar to those on previous flights and are not indi- 
cative of flight hardware problems. The S-IB telemetry dropout is 
attributed to widely varying signal strength and to bursts of 
electrical noise. These effects are normally sensed at the ground 
station during the first 10 seconds of flight. A dropout caused by 
S- IB/S- 1 VB separation (S-IB retro' motors ) occurred at Central Instru- 
mentation Facility (CIF) from 142.1 seconds to 145.0 seconds. A 
dropout in the DP-1 link occurred over the Canary Island (CYI) ground 
station because of a vehicle antenna null resulting from vehicle 
attitude. The effect of the dropout on command histories is discussed 
in paragraph 15.6. All inflight calibrations occurred as progranmed and 
were within specifications. The last telemetry signal was received at 
approximately 20,500 seconds (5:41:40) by the Honeysuckle (HSK) ground 
stationr A summary of IU and S-IVB telemetry coverage showing Acquisi- 
tion of Signal (AOS) and LOS for each station is shown in Figure 15-1. 

Three S-150 experiment Auxiliary Storage and Playback (ASAP) data dumps 
were satisfactory'. Times of commanded switchover between normal IU 
Pulse Code Modulated (PCM) data and S-150 ASAP data are shown In Table 
15-5. The normal data dump duration is approximately 300 seconds and 
contains data recorded during the previous 5400 seconds. The first 
and third data dumps were as expected. The second data dump, however, 
had been started rather late in the pass over Golds tone (GPS) and had not been 
completed before the signal to noise ratio became so low, just prior to 
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Table 15-2. SA-207 Flight Measurements Waived Prior to Flight 


MEASUREMENT 

NUMJER 

MEASUREMENT TITLE 

NATURE OF FAILURE 

REMARKS 

S-IVB STAGE 

00160-403 

Press-Helium (Ambient) Sphere 

Shifted upward 2 % when OP- 1 
transmitter turned on, then 
drifted gradually up 9 %. 

Transducer was RFI sensitive. 
Backup measurement 00255-403, 
not RFI sensitive, was used 
to monitor redline parameter. 


Table 15-3. SA-207 Measurement Malfunctions 


MEASUREMENT 

NUMBER 

MEASUREMENT TITLE 

NATURE OF FAILURE 

TIME OF 
FAILURE 
(RANGE 
TIME) 

DURATION OF 

SATISFACTORY 

OPERATION 

REMARKS 

MEASUREMENT FAILURES, S-IVB STAGE 

KOI 24-401 
KOI 25-401 
K0216-404 

Event-Oxid Turbine 
Bypass Valve - Open 

Event-Oxid Turbine 
Bypass Valve - Closed 

Event-Engine Start on 
Backup 

Measurement? lost because 
of failure in the tele- 
metry system. (See 
paragraph 15.3. ) 

Approxi- 
mately 
142 secs. 

No satisfactory data 
obtained. 

i System performance 
analysis verified that 
the basic events pro- 
perly occurred. 

NOTE: There were no partial failures. 
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Tabid 15-4. SA-207 Launch Vehicle Telemetry Links Performance Sumnary 


LINK 

FREQUENCY 

(MHZ) 

MODULATION 

STAGE 

FLIGHT PERIOD 
(RANGE TIME, SEC) 

DATA DROPOUTS ! 

RANGE TIME 
(SEC) 

DURATION 

(SEC) 

GF-1 

240.2 

FM/FM 

S- IB 

0 to 386 

2.25 

.25 

GP-1 

2%. 2 

PCM/FM 

S-IB 

0 to 386 

2.25 

.25 

CP-1 

258.5 

PCM/FM 

S-IVB 

0 to 20,459 

142.1 

2.3 

DF-1 

250.7 

FM/FM 

IU 

0 to 20,500 

142.5 

2.5 






17,992.9 

.9 

DP-1 

255.1 

PCM/FM 

IU 

0 to 20,500 

142.5 

2.5 







17,992.9 

.9 
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Figure 15-1. SA-207 Telemetry Ground Station Coverage 



Table 15-5. SA-207 S-150 Experiment ASAP Data Dumps 


COMMAND 

TIME 

(SEC) 

DUMP 

START 

(SEC) 

DUMP 

END 

(SEC) 

GROUND 

STATION 

5552.3 

5555.5 

5856.4 

TEX 

10,948.3 

10,952.5 

During LOS 

GDS 

14,756.4 

14,758.8 

15,061.2 

HSK 


LOS, that the data was unreadable. As a result, the data dump end time 
at GDS could not be determined. The data contained in the last part 
of this dump was recovered during the third S-150 ASAP data dump which 
occurred over HSK. This happened because the ASAP tape recorder, having 
a capacity of 5400 seconds, had been recording for approximately 3500 
seconds following the data dump at GDS which left approximately 1900 
seconds of data recorded prior to the data dump at GDS. 

15.3.1 S-IV8 Remote Digital Sub-Multiplexer Failure 

Six S-IVB PCM flight measurements were not transmitted after S- IB/S- I VB 
separation, approximately 142 seconds, because of component failure in 
the Remote Digital Sub-Multiplexer (RDSM). Three of the six measure- 
ments were cross-strapped to the IU DP-1 link and were successfully 
transmitted and received. The other three measurements were lost. 

The six flight measurements were located in PCM telemetry format time 
slot channel 9B, word 4 and were processed by one of ten digital gate 
Printed Wiring Assemblies (PWA) in the RDSM. There are nine components 
on the digital gate PWA and two components on the decoder PWA that could 
cause the observed failure. The exact failure mode cannot be deter- 
mined from the flight data but it is suspected that one of these eleven 
components did fail resulting in an inability of the PWA to properly 
handle data. There has been no previous RDSM flight failure of this 
type. However, five similar failures have occurred during ground tests. 
Each failure was traced to a different one of the components. Failure 
analysis indicated that these failures were random and no corrective 
action was required. 

Analysis of S-IVB engine performance shows that the events associated 
with the three lost measuremenets did, in fact, occur as expected. Because 
approximately 650 of these digital gate cards have been flown on Saturn 
vehicles with nc similar failures, this failure is considered to be of 
a random nature. Therefore no corrective action will be taken. 




15,3.2 Loss of Operational Data Display During Revolution No. 3 

IU telemetry data needed for real time support of deorbit operations were 
not available for display at MCC-H during the third orbital revolution 
pass over the HAW ground station. Display of the commanded Launch 
Vehicle Digital Computer (LVDC) memory dump on measurement H60-603 
(Guidance Computer Operation) was not obtained and, as a result, veri- 
fication of the S-IVB/IU deorbit conmand was delayed until the pass over 
the CYI ground station. After this verification there was not enough 
time remaining for the scheduled third LVDC compressed data dump and 
fourth S-15G experiment ASAP data dump prior to LOS at CYI. Failure to 
obtain the third LVDC compressed data dump slightly reduced confidence 
in the conclusions derived from evaluation of the attitude disturbance 
anomaly discussed in paragraph 10.3.2. Loss of the S-l 50 experiment 
data dump resulted in loss of spectral data collected by the star 
sensor, however, the primary X-Ray portion of the experiment was not 
affected because the X-Ray sensor was inoperative due to the problem 
discussed in Section 18. 

Postflight review of data, including ground station tape recordings, 
has shown that the vehicle telemetry system and conmand system performed 
satisfactorily. The failure to obtain real time display data resulted 
from improper implementation of ground procedures at HAW and JSC. This 
problem has been identified to JSC for appropriate action. 

15.4 C-BAND RADAR SYSTEM EVALUATION 

The C-Band radar performed satisfactorily during flight. A sunmary 
of C-band radar coverage time from AOS to LOS for each station is shown 
in Figure 15-2. As on previous missions, phase front disturbances 
were observed at Merritt Island Launch Area (MILA) and Bermuda (BDA) 
during the boost phase. These phase front disturbances result from severe 
antenna nul 1 s or distorted beacon returns and cause momentary tracking 
errors at the ground stations. 

A dropout at BDA from 545 to 573 seconds was attributed on the operator's 
log to beacon dropout. However, MILA was tracking during this same 
time period and experienced no problem, indicating that the dropout at 
BDA was caused by a ground station tracking problem rather than an 
onboard problem. No problems were reported by the ground stations 
tracking the transponder after orbital insertion. 

The last station to interrogate the transponder was KWJ. KWJ tracked 
the transponder until vehicle break up at 21,175 seconds (5:52:55). 

15.5 SECURE RANGE SAFETY COMMAND SYSTEMS EVALUATION 

Telemetered data indicated that the conmand antennas, receivers/decoders , 
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Figure 15-2. SA-207 C-Band Acquisition and Loss Times 




Exploding Bridge Wire networks, and destruct controllers on each powered 
stage functioned properly during flight. They were in the required 
state-of-readiness if flight conditions during the launch had required 
vehicle destruct. Since no arm/cutoff or destruct commands were required, 
all data except receiver signal strength remained unchanged during the 
flight. Power to the S-IVB stage range safety cornnand systems was cut off 
at 607.2 seconds by ground cornnand, thereby deactivating (safing) the 
systems. 

15.6 DIGITAL COMMAND SYSTEM EVALUATION 

The DCS performed satisfactorily throughout this mission. Fifteen 
conmands were initiated by MCC-H and all but one were accepted by the 
onboard equipment. Table 15-6 lists the commands transmitted to the IU. 

The deorbit dump command transmitted from HAW at 15,906 seconds (4:25:06) 
did not produce the desired memory data display at MCC-H and the same 
command was retransmitted at 16,049 seconds (4:27:29). The second 
transmission als ii led to produce the desired display although tele- 
metry data indie jd the command was accepted by the DCS. It was later 
discovered that the ground station was not relaying the memory data to 
MCC-H (see paragraph 15.3.2). The deorbit dump command was reinitialized 
by MCC-H when the vehicle was over CYI at 17,993 seconds (4:59:53). 

The look angles from CYI at this time were such that numerous antenna 
nulls were being encountered. The command mode word was transmitted 
and accepted onboard. A telemetry dropout occurred which prevented the 
ground station from receiving the verification pulses. The mode word 
was retransmitted three times. However, the onboard computer *as 
waiting for the first data word in the cornnand and rejected the retrans- 
mitted mode word. A terminate command was then transmitted to clear the 
computer and the deorbit dump cornnand was reinitialized at 18,010 
seconds (5:00:10). No problems were encountered during this last 
transmission. 


15.7 GROUND ENGINEERING CAMERAS 

Ground camera coverage was fair, being somewhat below the standards estab- 
lished on previous launches. Forty-nine items (43 from fixed came-as and 6 
rom tracking cameras) were received from Kennedy Space Center for evaluation. 
Data loss was experienced on 16 items. One camera failed to operate, 
one jammed, one had erratic timing, one had an incorrect field of 
view, four had their field of view obscured by falling frost and ice, 
three had severely overexposed film, and five had severely underexposed 
film. The three long range cameras are included in the five having 
underexposed film. The three short range cameras contained usable data 
although it was somewhat degraded due to underexposure. The under- 
exposed film is attributed to lower than expected light levels resulting 
from overcast skies and fog. The overexposures resulted from high 
levels of engine plume light reflected from the ground fog, falling frost, 
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Table 15-6. SA-207 III Comnands 


RANGE TIME 

TRANS. 

STATION 

COMMAND 

(NO. OF WOROS IN COMMAND) 

NO. OF 

WORDS 

TRANS 

REMARKS 

SEC0N0S 

HRS:MIN:SEC 

1271 

0:21:11 

mssm 

S-l 50 Maneuver Change (21) 

21 

Accepted 

1278 

0:21:18 

mm 

Memory Dump (7) 

7 

Accepted 

1338 

0:22:18 

■B 

S-150 Return to Time Line (6) 

6 

Accepted 

1340 

0:22:20 

mm 

Memory Dump (7) 

7 

Accepted 

5552 

1:32:32 

TEX 

S-150 ASAP Dump (6) 

6 

Accepted 

6715 

1:51:55 


Compressed Data Dump (1) 

1 

Accepted 

10.950 

3:02:30 

60S 

S-150 ASAP Dump (6) 

6 

Accepted 

12,473 

3:27:53 

CYi 

Compressed Data Dump (1) 

1 

Accepted 

14,756 

4:05: 56 

HSK 

S-150 ASAP Dump (6) 

6 

Accepted 

15,886 

4:24:46 

HAW 

Deorbit (7) 

7 

Accepted 

15,906 

4:25:06 

HAW 

Deorbit Dump (7) 

7 

Accepted 

16,049 

4:27:29 

HAW 

Deorbit Dump (7) 

7 

Accepted 

17,993 

4:59:53 

CYI 

Deorbit Dump (7) 

4* 

Not verified 

18,004 

5:00:04 

CYI 

Terminate (1) 

1 

Accepted 

18,010 

5:00:10 

CYI 

Deorbit Dump (7) 

7 

Accepted 


♦The first word of this cornnand was accepted onboard; but was not verified at the ground station due to a 
telemetry dropout. The first word was then retransmitted three (3) times. 














and falling ice. The incorrect field of view resulted when the camera 
mount allowed the camera to rotate forward at about 1 second. Equip- 
ment age and usage is suspected as a prime contributor to the field of 
view shift. As a result of the 16 failures, system efficiency was 67%. 
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SECTiON 16 


MASS CHARACTERISTICS 


16.1 SUMMARY 

Total vehicle mass, determined from post-flight analysis, was within 
0.21 percent of predicted from ground ignition through S-I VB/spacecraft 
separation. Hardware weights, propellant loads and propellant utiliza- 
tion were close to predicted values during flight. 

16.2 MASS EVALUATION 

Pcst-flight mass properties are compared with final predicted mass 
properties (MSFC Memorandum S&E-ASTN-SAE-/3-59) and the operational 
trajectory (MSFC Memorandum S&E-AER0-MFP-100-73) . 

The post-flight mass properties were determind from an analysis of 
all available actual and reconstructed data from S-IB ignition 
throuqh S-IVB o Loff. Dry weights of the launch vehicle are based 
on actual weighings and evaluation of the weight and balance log 
books (MSFC Form 998). Propellant loading and utilization was 
evaluated by stage contractors from propulsion system performance 
reconstructions. Spacecraft data were obtained from the Johnson 
Space Center (JSC). 

Differences between predicted and actual dry weights of the inert 
stages and the loaded spacecraft were all within 1.2 percent of pre- 
dicted, which is within acceptable limits. 

Durirg S-IB burn phase, the total vehicle mass was greater than pre- 
dicted by 738 kilograms (1628 Ibm) (0.12 percent) at ignition, and 
greater than predicted by 172 kilograms (379 lbm) (0.09 percent) 
at physical separation. These small differences may be attributed 
to a larger than predicted fuel loading and a larger than predicted 
upper stage weight. 

S-IB burn phase total vehicle mass is shown in Tables 16-1 and 16-2. 

During S-IVB burn phase, the total vehicle mass was more than pre- 
dicted by 265 kilograms (584 lbm) (0.19 percent) at ignition, and less 
than predicted by 67 kilograms (147 lbm) (0.21 percent) at S-IVB 
stage cutoff signal. These differences are due primarily to a greater 
than predicted spacecraft weight and a less than expected residual. 
Total vehicle mass for the S-IVB burn phase is shown in Tables 16-3 
and 16-4. 
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A summary of mass utilization and loss, both actual and predicted, 
from S- IB stage ignition through spacecraft separation is presented 
in Table 16-5. A comparison of actual and predicted mass, center of 
gravity, and moment of inertia is shown in Table 16-6. 



Table 16-1. SA-207 Total Vehicle Masses (Kilograms) 
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Table 16-2. SA-207 Total Vehicle Masses (Pounds) 
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Table 16-3. SA-207 Upper Stages and Payload Vehicle Masses (Kilograms) 
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Table 16-4. SA-207 Upper Stages and Payload Vehicle Masses (Pounds) 
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Table 16-5. SA-207 Flight Sequence Mass Summary 
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Table 16-5. SA-207 Flight Sequence Hass Summary (Continued) 
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Table 16-6. SA-207 Mass Characteristics Comparison 
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SECTION 17 


SPACECRAFT SUMMARY 


The SA-207/Skylab-3 space vehicle was launched at 11:10:50 Universal 
Time (UT) (7:10:50 a.m. Eastern Daylight Time) on July 28 t 1973, (first 
visit day) from Launch Complex 39B at the Kennedy Space Center, 

Florida. This vehicle, the second to visit the Saturn Work Shop, was 
manned by Captain Alan L. Bean, Commander; Owen K. Garriott, Science 
Pilot; and Major Jack R. Lousma, Pilot. 

The space vehicle, consisting of a modified Apollo command and ser- 
vice module payload on a Saturn IB launch vehicle, was inserted into 
earth orbit approximately 10 minutes after liftoff. The orbit achieved 
was 226.29 by 149.87 kilometers. 

Rendezvous maneuvers were performed as planned during the first five 
revolutions after insertion. During this time, a leak was detected 
in the command and service module reaction control system engine B3 
of quad B (one of four reaction control system modules) and determined 
to be caused by an oxidizer valve which was stuck in the open position. 

The quad was isolated and the mission continued. Stationkeeping with 
the Saturn Work Shop began approximately 8 hours after liftoff. Docking 
occurred approximately 8 1/2 hours into the mission. 

All three crewmen experienced motion sickness during the first three 
mission days, with the result that the Saturn Work Shop activation and 
experiment implementation activities were curtailed. By adjusting the 
crew's diet and maintaining a low work load, the crew was able to complete 
the adjustment to space flight by visit day 5, and the flight activities 
were increased to the preflight planned levels. 

The service module reaction control system quad D (opposite quad B) 
engines were inhibited and the isolation valves closed after an oxidizer 
leak developed on mission day 6. Acceptable control modes and procedures 
were defined consistent with the constraints imposed by the two reaction 
control system problems. 

The first extravehicular activity was delayed to visit day 10 because 
of the crew's motion sickness. The extravehicular activity lasted almost 
8 hours during which time the crew changed the Apollo Telescope Mount 
film, deployed the twin-pole sun shield, inspected and performed repair 
work on the S-055 (Ultraviolet Spectrometer) experiment and deployed the 
S-149 (Particle Collection) experiment. 
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The second extravehicular activity was performed on visit day 28 at 
which time the Apollo Telescope Mount film was replaced and a gyro 
package was installed. 

Final activities consisted of workshop closeout, suit donning and 
checkout, undocking, deorbit, and entry. There was no workshop fly 
around maneuver following cotnnand and service module undocking. 
Tunnel hatch installation was completed on September 25, 1973 at 
14:30 UT, and comnand and service module undocking occurred at 
19:48 UT. Separation occurred at 19:50 UT, followed by a service 
propulsion system firing at 21:38 UT. The single firing deorbit 
maneuver resulted in spacecraft splashdown approximately 250 miles 
southwest of San Diego, California, at 22:20 UT. The spacecraft 
assumed a stable attitude and crew recovery followed approximate W 
43 minutes after splashdown. 
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SECTION 18 


MSFC INFLIGHT EXPERIMENT 


13.1 SUMMARY 

Sky lab Experiment S-150, Galactic X-Ray Mapping Experiment, was performed 
during the flight of SA-207. The object of the experiment was to map the 
X-Ray flux intensity of galactic space. The experiment, which had a 
planned operating time of 265 minutes, collected X-Ray data for only 110 
minutes before the experiment high voltage switched off because of low 
gas pressure in the X-Ray sensor. Even though the operating time of the 
X-Ray experiment was less than planned, it was greater than the accumu- 
lative time of all preceeding similar experiments. The associated spectral 
data continued to be collected by the experiment star sensors, however, 
these data are of use principally in determining experiment pointing 
direction. The lack of one Auxiliary Storage and Playback (ASAP) cycle 
discussed in Section 15 resulted in loss of this spectral data for the third 
revolution. 

18.2 EXPERIMENT ANOMALY 

During the second revolution of S-IVB/IU -hital flight, abnormally low 
readings in measurements D71-602, P-10 ga^> upply low pressure, and 
D73-603, collimator pressure, were reported by the Goldstone ground 
station. The experiment was designed to be fully operational when the 
internal experiment sensor P-10 gas (90X argon, 10% methane) pressure 
reached 14.5 psia with an operational pressure range of 14.5 psia to 
15.1 psia. The experiment will operate at a minimum pressure of 12.0 
psia; however, sensing capability for the lower energy X-Ray (200 EV to 
1 KEV) is lost at pressures below 14.5 psia. When the pressure drops 
below 12.0 psia, the experiment high voltage power is automatically 
switched off, but spectral data continues to be collected by the star 
sensor. 

At approximately 31 mi ,<■ range time the experiment was fully opera- 
tional (P-10 gas to mii...jum operational pressure). The experiment 
operated normally for one revolution (92 minutes per revolution) plus 
18 rr.inutes out of a planned operating time of two revolutions plus 81 
minutes. At approximately 2 hours 20 minutes the experiment high voltage 
automatically switched off when the pressure dropped below 12.0 psia 
and no further X-Ray data were received. Star sensor data received through 
the last IU/S-150 ASAP data dump (total star sensor data 2 revolutions 
plus 32 minutes) were not affected by the P-10 pressure loss. However, 
star sensor data were lost because of a revolution 3 data display problem 
(see Section 15). 
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18.2.1 


Gas System Description 


A schematic of the P-10 Supply System is shown in Figure 18-1. In the 
normal flight operation mode, P-10 gas is supplied from a high pressure 
storage sphere through a combination of two regulators wherein the 
pressure is reduced and controlled tc the level required by the S-150 
Experiment counter package. The orifice regulator consists of two fixed 
orifices in series through which gas is continuously vented to space 
at a nominal rate of about 0.000142 Standard Cubic Meters per Second 
(SCMS) [0.26 Standard Cubic Feet per Minute (SCFM)]. The^pressure across 
the upstream orifice is maintained at a nominal 8.96 N/cnr- (13.0 ps id) 
by the pressure regulator. The pressure between the two orifices is 
supplied to the experiment interface at a nominal level of 20.68 N/cm^ 

(30 psia). 

The functional interface between the S-150 and the P-10 supply system 
for the operational (flight) mode is a normally closed solenoid valve 
B (Figure 18-1) at the counter package inlet. A control system internal 
to the experiment counter package is designed to maintain a constant 
density of P-10 gas through frequency modulation of this solenoid valve. 
The valve is cycled (opened and closed) at a frequency required to 
replenish gas leaked from the counter package through the thin film 
(0.3 mil Kimfoil) X-Ray incident window. The maximum gas consumption 
rate by the S-150 experiment in this mode of operation is 0.000020 SCMS 
(0.038 SCFM, reference Interface Control Document 13M07394). The P-10 
supply system was designed to provide gas to the experiment interface 
at a pressure of 20.68 +_3.45 N/cm^ (30 +5 psia) for consumption rates 
not to exceed this value. 

The cas supply system is inactive until initiation of the experiment 
subsequent to completion of the primary SA-207 mission. After Command 
Service Module separation but prior to the deployment of the experiment 
package, the normally closed shut-off valve at the storage sphere out- 
let is opened by switch selector command, permitting gas to flow to the 
regulators. 

18.2.2 Gas System Performance 

System operation was initiated at 0:23.35 when programmed switch selector 
comnands opened the high pressure supply solenoid valve A and powered on 
the S-150 sensor. The S-150 control valve B opened fully at this time 
and the counter package began filling with gas. Deployment of the experi 
ment sensor was initiated with firing of the pyrotechnic devices at 
approximately 0:24:14. At approximately 0:24:22, the sensor was fully 
deployed against its mechanical stop. Filling of the control package 
continued at the predicted rate, and at approximately 0:29:44, the experi 
ment counter collimator pressure D73-603 approached the desirec operating 
pressure, and the S-150 control val^e B went from full open to cyclic 
mode of operation. By 0:31:30 the supply pressure at the S-150 interface 
(measurement D71-602) had reached operating pressure. 
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Figure 18-1. P-10 Gas Supply System Schematic 


At this time the $-150 and P-10 supply systems stabilized into the as-designed 
operational mode with all performance parameters nominal. The frequency 
of cycling of the S-150 control valve B was constant at about one cycle 
every three seconds. This period of nominal operation continued through 
the first revolution until just beyond two hours of flight time when the 
P-10 supply pressure, followed by the collimator pressure, decayed below 
allowable limits. 

Pertinent data for the anomalous period is shown in Figure 18-2. At about 
2:04:56, the frequency of cycling of the S-150 control solenoid valve began 
to decrease, indicating less demand for P-10 gas. This was coincident 
with the start of an increase in S-150 counter package temperature 
(Cl 48-603) which had been stable prior to this time. The heating up of 
the counter package is thought to have been brought on by exposure to 
solar radiation. As the temperature did increase, the response of the 
S-150 control system was a decrease in the gas demand. Valve B eventually 
closed altogether and remained closed for about 100 seconds beginning 
at 2:08:06. 

During this period the supply pressure to the valve drifted upward slightly 
and stabilized at about 22.89 N/ cm2 (33.2 psia), a natural response of 
the regulation system to the decreasing consumption. The counter internal 
pressure remained constant at 10.14 N/cm^ (14.7 psia). 

As shown in Figure 18-2, the control valve B began cycling again at 
about 2:09:51 but a a much higher rate than previously observed. Opera- 
tion was erratic with frequency alternately increasing and then decreas- 
ing until the valve went to the full open position near 2:12:50 where it 
remained for the duration of the missic The demand for gas by the S-150 
counter package was higher than the P-10 supply system was able to pro- 
vide at the nominal pressure level and thus the supply pressure began 
to decline. As the valve cycle frequency momentarily slowed about 2:11:21, 
the rate of decay of the supply pressure was decreased markedly as the 
regulation system attempted tc recover. It is also significant to note 
that the counter pressure was maintained constant at its nominal 10.14 
N/cm2 (14.7 psia), through rapid cycling of the valve, until the supply 
pressure had decayed to less than one psi above the counter pressure. 

Only then did the valve go full open and the counter pressure begin to 
decrease. When the counter pressure reached 8.27 N/cm? (12 psia; the 
sensor high voltage was switched off by the experiment sensor, as 
designed, thus ending the X-Ray experiment at 2:20:25. 

18.2.3 Gas Consumption 

Calculation of total gas consumption through use of the storage sphere 
bleed dow r data, and the vent flowrate using the proven orifice regulator 
flow relationship, results in the following values: 
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RANGE TIME, HOURS: MINUTES: SECONDS 


Figure 18-2. S-150 Environmental Parameter History 




Period of Nominal 

Period Following 


Operation (00:32-2:10) 

Anomaly (2:10-5:00) 

Total Flow 

0.000179 SCMS (0.336 SCFM) 

0.000107 SCMS (0.201 SCFM) 

Vent Flow 

0.000160 SCMS (0.304 SCFM) 

0.000064 SCMS (0.120 SCFM) 

Experiment Flow 

0.000018 SCMS (0.034 SCFM) 

0.00043 SCMS (0.081 SCFM) 


The P-10 gas supply system was designed to maintain a minimum pressure 
of 17.24 N/cm? (25 psia) at the experiment interface for a maximum 
experiment consumption rate of 0.042 SCFM. The loss of positive pressure 
control of the S- 1 50 experiment counter package was due to excessive 
consumption of P-10 gas by the experiment - over twice the specification 
value and beyond that for which the system was designed and capable 
of providing. 

The most probable cause of the pressure loss is increased gas leakage 
through the X-Ray incident window. This window is a porous "Kimfoir* 
film approximately 0.3 mil thick which is age and temperature sensitive. 

A slight deterioration was noted in the window two weeks prior to launch 
but the leakage rate at that time was considered acceptable. Replacement 
of the existing window very well could have resulted in a window with 
a higher leakage rate. The most immediate cause of accelerated deteriora- 
tion and failure was exposure to direct sunlight. The times and durations 
of these exposures were normal and predicted, but the effects on the 
integrity of the sensor were underestimated. 

Since the $-150 experiment was unique to the Skylab-3 flight, no corrective 
action is required. However, if the experiment is flown again, the 
"Kimfoil" window film thickness will be increased to 0.5 mil and the 
operating band of the pressure regulator will be broadened to reduce 
sensitivity to this recognized failure mode. 


18-6 



APPENDIX A 


ATMOSPHERE 


A. 1 SUMMARY 

This appendix presents a summary of the atmospheric environment at launch 
time of the SA-207/SL-3. The format of these data is similar to that 
presented on previous launches of Saturn Vehicles to permit comparisons. 
Surface and upper level winds, and thermodynamic data near launch time 
are given. 

A. 2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 

During the early morning launch of Sky Tab 3, the Cape Kennedy launch area 
was experiencing cloudiness, fog, mi.d temperatures and gentle surface 
winds. All frontal activity was located in the middle and northern 
regions of the United States as is shown in the surface synoptic 
weather map of Figure A-l. Numerous thunderstorms occurred over the 
state on the previous afternoon (July 27) with rather extensive cloud 
cover remaining during the night and through launch. Surface winds 
in the Cape Kennedy area were light and southwesterly as shown in Table 
A-l. Wind flow aloft is shown in Figure A-2 (500 millibar level). 

The maximum wind belt was located north of Florida, giving less intense 
wind flow aloft over the Cape Kennedy area. 

A. 3 SURFACE OBSERVATIONS AT LAUNCH TIME 

At launch time, total sky cover was 10/10, consisting of broken alto- 
cumulus at 4.6 kilometers (15,000 ft), with cirrus clouds observed at 
6.4 kilometers (21,000 ft) altitude. Visibility was limited to 3 
miles due to the formation of early morning ground fog. The fog was 
approximately 600 feet thick in spots. Neither precipitation nor 
lightning were observed at launch time. 

Surface ambient temperature was 296°K (74.0°F) with 93% relative humidity. 
During ascent the vehicle did pass through the cloud layers. All sur- 
face observations at launch time are summarized in Table A-l. Solar 
radiation data for the day of launch is not available, due to mi seal i- 
bration of the instruments. 

A. 4 UPPER AIR MEASUREMENTS 

Data were used from three of the upper air wind systems to compile the 
final meteorological tape. Table A-2 summarizes the wind data systems 
used. Only the Rawinsonde and the Loki Dart meteorological rocket 
data were used in the upper level atmospheric thermodynamic analyses. 
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Figure A-l. Surface Weather Map Approximately 49 Minutes After Launch of SA-207/SL-3 
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Figure A-2. 500 Millibar Map Approximately 49 Minutes After Launch 

of SA-207/SL-3 
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Table A-l. Surface 


LOCATION 


PRES- 

SURE 

N/CM2 

(PSIA) 

TEM- 

PERATURE 

°K 

(°F) 

OEM 
POINT 
°K 
i° F) 

NASA 150 m Ground 
Wind Tower 
Winds measured at 
10 m (32.8 ft)** 

0 

BEK??® 

■gjCT 

■ 

295.9 

(73.0) 

Cape Kennedy AFS*** 

Surface 

Measurements 

10 

10.169 

(14.75) 

296.3 

(73.6) 

296.0 

(73.0) 

Pad 39B Llghtpole 
NW 18.3 m 
(60.0 ft)** 

0 

" 

•* 


Pad 39B IUT W 
161.5 m (530 ft)** 

0 

— 

— 

— 

Pad 39B Camera 
Site #3 - SE 

0 

10.165 

(14.74) 

297.0 

(75.0) 

296.5 

(74.0) 


* instantaneous readings at T-0, unless otherwise noted. 

** Above natural grade. 

# 10 minute average about T-0. 

*** Balloon release site. 

## 1 minute average. 

### Total Sky cover. 


at SA-207 Launch Time 


:lative 

JMIDITY 

[%) 

VISI- 

BILITY 

KM 

(STAT MI) 

SKY 

COVER 


WIND* | 

CLOUD 

AMOUNT 

(TENTHS) 

H 

HEIGHT 
OF BASE 
METERS 
(FEET) 

SPEED 

M'S 

(KNOTS) 

DIR 

DEG 

93 

4.8 GF 

9 

A1 to- 

4570 

1 . 3* 

271# 


(3) 


cumul us 

(15,000) 

< 2 . 5) 




5 

Cirrus 

6400 







(21 ,000) 





10### 





98 

“ “ 

“ * 



1.0## 

(1.9) 

200*# 






2.6 

264 






(5.1) 



6.9 

(13.5) 


274 

















Table A-2. Systems Used to Measure Upper Air Wind Data for SA-207 



RELEASE TIME 

PORTION OF DATA USED 


TYPE OF DATA 

TIME 

(UT) 

TORS: MIN 

TIME 

AFTER 

T-0 

(MIN) 

STA 

lRT 



ALTITUDE 

M 

(FT) 

■ 

■ 

ALTITUDE 

M 

(FT) 

■ehs 

1 

■n 

FPS-16 Jimsphere 

11:25 

14 

I 

1 

14 

14,975 

(49,130) 

65 

Rawinsonde 

11:21 

10 

15,000 

(49,212) 

59 

Z5,250 

(8<!,840) 

93 

Loki Dart 

12:44 

93 

61 ,750 
(202,590) 

93 

25,500 

(83,660) 

118 


A. 4.1 Wind Speed 

Wind speeds were light, being 1.0 m/s (1.9 knots) at the surface and 
increasing to a peak of 13.2 m/s (25.7 knots) at 13.83 kilometers 
(45,357 ft). The winds decreased slightly above this altitude, and then 
became stronger again as shown in Figure A-3. The overall maximum 
speed was 59.0 m/s (114.7 knots) at 47.50 kilometers (155,838 ft) 
altitude. Maximum dynamic pressure occurred at 15.30 kilometers 
(50,200 ft). At max Q altitude, the wind speed and direction was 6.8 
m/s (13.2 knots), from 33 degrees. SL-3 pad 39B wind data is avail- 
able in MSFC memorandum, S&E-AER0-YT-28-73. 

A. 4. 2 Wind Direction 

At launch time, the surface wind direction was from 200 degrees. The 
wind directions had a westerly component throughout the troposphere, 
switching northerly by 10 kilometers (32,808 ft) and becoming easterly 
above 17 kilometers (55,774 ft) altitude. Figure A-4 shows the complete 
wind direction versus altitude profile. As shown in Figure A-4, 
wind directions were quite variable at altitudes with low wind speeds. 

A. 4. 3 Pitch Wind Component 

The pitch wind velocity component (component parallel to the horizontal 
projection of the flight path) at the surface was a tailwind of 0.9 
m/s (1.8 knots). The maximum wind, in the altitude range of 8 to 16 
kilometers (26,247 to 52,493 ft), was a head wind of 11.7 m/s (22.7 
knots) observed at 12.43 kilometers (40,764 ft) altitude. See Figure 
A-5. 
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Figure A-3. Scalar Wind Speed at Launch Time of SA-207/SL-3 
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Figure A-5. Pitch Wind Velocity Component (W x ) at Launch Time of SA-207/SL-3 
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A. 4. 4 


Yaw Wind Component 


The yaw wind velocity component (cross range wind component) at the 
surface was a wind from the right of 0.4 m/s (0.8 knots). The peak 
yaw wind velocity in the high dynamic pressure region was from the 
left of 9.6 m/s (18.6 knots) at 8.60 kilometers (28,215 ft). See 
Figure A-6. 

A. 4. 5 Component Wind Shears 

The largest component wind shear (Ah = 1000 m) in the max Q region was 
a pi ten shear of 0.0063 sec-1 at 10.15 kilometers (33,300 ft). The 
largest yaw wind shear, at these lower levels, was 0.0083 sec - l at 
15.50 kilometers (50,852 ft). See Figure A-7. 

A. 4. 6 Extreme Wind Data in the High Dynamic Region 

A summary of the maximum wind speeds and wind components is given in 
Table A-3. A summary of the extreme wind shear values (Ah - 1000 meters) 
is giver in Table A-4. 

A. 5 THERMODYNAMIC DATA 

Comparisons of the thermodynamic data taken at SA-207 launch time with 
the annual Patrick Reference Atmosphere, 1963 (PRA-63) for temperature, 
pressure, density, and Optical Index of Refraction are shown in Figures 
A-8 and A-9, and are discussed in the following paragraphs. 

A. 5.1 Atmospheric Temperature 

Atmcspheric temperature differences were small, deviating less than 3 
percent from the PRA-63 below 62 kilometers (203,410 ft) altitude. 

In tne max Q region, temperatures did deviate to +2.31 percent of the 
PRA-63 value at 9.75 km (31,988 ft). Air temperatures were generally 
wanner than the PRA-63, over the entire profile, as shewn in Figure A-8. 

A. 5. 2 Atmospheric Pressure 

Atmospheric pressure deviations were small in *' e lower levels of the 
atmosphere. Deviations were less than 3 percenc of the PRA-63 below 
18 kilometers (59,054 ft) altitude. See Figure A-8, which shows the 
entire pressure profile with altitude. 

A. 5. 3 Atmospheric Density 

Atmospheric density deviations were small, generally being within 4 
percent of the PRA-63 below 28 kilometers (91,862 ft) altitude. The 
density deviation reached a maximum of 4.28 percent greater than the 
PRA-63 value at 14.75 kilometers (48,392 ft) as shown in Figure A-9. 
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Figure A-6. Yaw Wind Velocity Comppnent (W z ) at Launch Time of SA-207/SL-3 
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Table A-3. Maximum Wind Speed In High Dynamic Pressure Region for 
Saturn Launch Vehicles 201 through 207 


VEHICLE 

NUMBER 

MAXIMUM WIND 

MAXIMUM WIND 

COMPONENTS 


mmm 

' l 
| 

ALT 

KM 

(FT) 

PITCH (W x ) 
M/S 

(KNOTS) 

ALT 

KM 

(FT) 

YAW (W z ) 
M/S 

(KNOTS) 

ALT 

KM 

(FT) 

SA-201 

ES 

250 

1 

mgm 

13.75 

-43.3 

13.25 


warn 



1 


(-84.2) 

(43,500) 

SA-203 

18.0 

312 

13.00 

1 


16.6 

13.25 


(35.0) 


(42,600) 


liiBl 

(32.3) 

(43,500) 

SA-202 

16.0 

231 

12.00 

1 

12.50 

-15.4 

10.25 


(31.1) 


(39,400) 

(20.8) 

(41,000) 

(-29.9) 

(33,600) 

SA-204 

35.0 

288 

12.00 

32.7 

15.25 

20.6 

12.00 


(68.0) 


(39,400) 

(63.6) 

(50,000) 

(40.0) 

(39,400) 

SA-205 

15.6 

309 

14.60 

15.8 

12.08 

15.7 

15.78 


(30.3) 


(44,500) 

(30.7) 

(36,800) 

(30.5) 

(47,500) 

SA-206 

42.0 

286 

13.38 

27.9 

14.93 

36.3 

13.35 


(81.7) 


(43,881) 

(54.2) 

(48,966) 

(70.6) 

(43,799) 

SA-207 

13.2 

014 

13.83 

-11.7 

12.43 

9.6 

8.60 


(25.7) 


(45,357) 

(-22.7) 

(40,764) 

(18.6) 

(28,215) 









Table A-4. Extreme Wind Shear Values in the High Dynamic Pressure Region 
for Saturn Launch Vehicles 201 through 207 



(Ah = 1000 m) 



VEHICLE 

PITCH PLANE 

YAW PLANE 

NUMBER 

H 

SHEAR 

(SEC-1) 

ALTITUDE 

KM 

(FT) 

SHEAR 

(SEC-1) 

ALTITUDE 

KM 

(FT) 

SA-201 

0.^06 

16.00 

(52,500) 

0.0205 

12.00 

139,400) 

SA-203 

0.0104 

14.75 

(48,400) 

0.0079 

14.25 

(46,800) 

SA-202 

0.0083 

13.50 

(44,300) 

0.0054 

13.25 

(43,500) 

SA-204 

0.0118 

16.75 

(55,000) 

0.0116 

14.00 

(45,900) 

SA-205 

0.0113 

15.78 

(48,100) 

0.0085 

15.25 

(46,500) 

SA-206 

0.0145 

14.93 

(48,966) 

0.0141 

14.33 

(47,162) 

SA-207 

0.0063 

10.15 

(33,300) 

0.0083 



15.50 

(50,852) 


A. 5. 4 Optical Index of Refraction 

The Optical Index of Refraction at the surface was 7.01 x 10“6 units 
lower than the corresponding value of the PRA-63. The maximum negative 
deviation of -9.22 x 10-6 occurred at 250 meters (820 ft). The devia- 
tion then became less negative with altitude, and approximated the PRA-63 
at high altitudes, as is shown in Figure A-9. The maximum value of the 
Optical Index of Refraction was 2.18 x 10"6 units greater than the PRA-63 
at 14. 5 7 kilometers (47,818 ft). 

A. 6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN IB LAUNCHES 

A summary of the atmospheric data for each Saturn IB launch is shown 
in Table A-5. 
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Figure A-8. Relative Deviation of Temperature and Pressure from the PRA-63 
Reference Atmosphere, SA-207/SL-3 
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Figure A-9. Relative Deviation of Density and Absolute Deviation of the Index 
of Refraction From the PRA-63 Reference Atmosphere. SA-207/SL-3 
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Table A-5. Selected Atmospheric Observations fo^ Saturn Launch Vehicles 201 through 207 

at Kennedy Space Center, Florida 



VEHICLE DATA 

SURFACE DATA 

INFLIGHT CONDITION 

VEHICLE 

NUMBER 

DATE 

TIME 

NEAREST 

MINUTE 

LAUNCH 

1 

PRESSURE 

TEMPERA- 

RELATIVE 

HUMIDITY 

PERCENT 

WIND* 


MAXIMUM WIND IN 8 

-16 KM LAYER 

COMPLEX 

N/cm 2 

TURE °C 

SPEED 

DIR 


ALTITUDE 

SPEED 

DIRECTION 








m/s 

DEG 


km 

m/s 

DEG 

SA-201 

26 Feb 66 

1112 EST 

34 

10.217 

16.1 

48 

6.5 

330 

Clear 

13.75 

70.0 

250 

SA-203 

5 Jul 66 

0953 EST 

37B 

10.166 

30.2 

69 

6.3 

242 

1/10 Cumulus 
1/10 A1 tocumul js 
1/10 Cirrus 

13.00 

18.0 

312 

SA-202 

25 Aug 66 

1216 EST 

34 

10.173 

30.0 

70 

4.1 

160 

8/10 Cumulus 
1/10 Cirrus 

12.00 

16.0 

231 

SA-204 

22 Jan 68 

1748 EST 

37B 

10.186 

l*.l 

93 

4.2 

45 

3/10 Cumulus 

12.00 

35.0 

288 

SA-205 

11 Oct 68 

1103 EDT 

34 

10.180 

28.3 

65 

10.2 

90 

3/10 Cumulonim- 
bus 

14.60 

15.6 

309 

SA-206 

25 May 73 

0900 EDT 

39B 

10.105 

26.1 

85 

5.5 

212 

5/10 Fractocu- 
mulus 

13.38 

42.0 

286 








6.1 

224 

5/10 Altocunulus 
1/10 Cirrus 




SA-207 

28 Jul 73 

0711 EDT 

39B 

10.162 

23.9 

93 


264 

9.10 Altocumulus 

13.83 

13.2 

014 









274 

5/10 Cirrus 





* Instantaneous readings from charts at T-0 (unless otherwise noted) from anemometers on launch pad light poles at the following 
levels: Pad 34 at 19.5 m (59.4 ft). Pad 37B at 20.7 m (63.1 ft), and Pad 39B at 18.3 m (60.0 ft). Beginning with SA-206, 
wind measurements were required at the 161.5 m (530 ft) level from anemometer charts cn the LUT. These instantaneous LUT winds 
are given directly under the listed pad light pole winds. Heights of anemometers are above natural grade. 














APPENDIX B 


SA-207 SIGNIFICANT CONFIGURATION CHANGES 


B.l INTRODUCTION 

The SA-207 Hunch vehicle configuration was essentially the same as the 
SA-206 configuration with significant exceptions shown in Tables B-l 
through 3-3. The basic vehicle description is presented in Appendix B 
of the Saturn IB Launch Vehicle Flight Evaluation Report SA-20C, Skylab-2, 
MPR-SAT-FE-73-3. 


Hble B-l. S-IB Significant Configuration Changes 


SYSTFM 

CHANGE 

REASON 

Electrical 

The stage premature ignition detection circuit was 
modified so that the two Gas Generator auto Igniter 
links on each engine are wired in parallel. Instead of 
series, thus requiring both links to open in order 
to actuate the ground detection circuit. 

Decrease po'siblity of receiving a 
false premature ignition signal. 


Design change to provide additional shielding on 
Remote Digital Sub-multiplexer (RDSM) input wires. 

To reduce electromagnetic interfer- 
ence pickup on data inputs to RDSM. 


Table B-2. S-IVB Significant Configuration Changes 


SYSTEM 

CHANGE 

REASON 

Stage 

Modifications to extend the coast capability of 
S-IVB-207 were Implemented. These modifications 
bring S-IVB-207 to the same configuration as 
S-IVB- 206 and S-iVB-208. 

Modifications extend the stage orbi- 
tal coast capability from 4.5 to 
7.5 hours. 

Propulsion 

Increased size of purge control valve vent line from 
1/4 Inch to 3/8 inch. 

Eliminate potential valve instability 
during an emergency accumulator 
shutdown. 

Environmental 

Control 

Installed low emissivity surfaces between forward 
skirt cold plates and stage structure. 

To insure t.at IU electrical com- 
ponents do not go below min1«im 
operating temperatures. 

Electrical 

Delete measurement C001 7-411 toetrature - 
Propellant Utilization (PU) system internal 

Spare PU electronics assembly 
utilized on S-IVB-207 does not con- 
tain measurement C0017-411. 


B-l 
























Table B-3. IU Significant Configuration Changes 


SYSTEM 

CHANGE 

REASON 

Structu res 

Subllmator exhaust port eliminated. 

The port was previously covered 
with a bolted on cover plate. 


P-10 gas supply panel mounted at Location It. 

Required for S-1S0 experiment. 

Electric*) 

Experiment power was provided from the 6D30 
battery through the 6D31 bus by the addition 
of r n experlifent distributor and associated 
cabling. 

Required for S-1S0 experiment. 

I nstr Mentation 

The following components were added: 

Required for S-150 experiment. 

trvJ 



Communl cation 

0 ASAP Interface Unit 603A83 

0 DQAS Computer Interface Unit 603AM 

0 ASAP Nemo 17 Assert>ly 603A85 

0 ASAP DC-DC Converter 603A86 

0 ASAP Tape Reorder 603A87 

0 Experiment Control 603A56 

Distributor 

0 S- 150 X-Ray Sensor Unit 603A8? 

0 Signal Conditioner Assertily 601A679 

The fell owing component was moved: 

0 C-Band Transponder G01A635 

moved from panel 23 to 
panel 1 and renuabered 
601A635 

1 


The following components were deleted: 

Excess. (Once used for deleted 


4 

0 Neasurlng Rack 602A405 
0 Neasurlng Rack 60cA406 

N-415 experiment) 


Rechannel lutlor: of measurements to minimize cross- 

Provide noise attenuation for UrtJA, 


talk between 26 volt and 5 volt acasurements. 

switch selector and control signal 
processor measurements. 

Environmental 

Sublime tor vent baffles added. 

To prevent line of sight inplnge- 

Control 


mart of subllmator water vapor 
exhaust on the S-150 experiment 
assert) ly. 


P-10 gas supply s/s ter added. 

Required for S-150 experiment. 

Flight Program 



Boost, Navi- 

The accelerometer backup thrust misalignment 

This change 1 (proves accelerometer 

gatlon. and 

calculations are referenced to T3 instead of a 

backup thrust misalignment calcula- 

Guidance 

fixed time after TO. 

tlons for a non- nominal S- IB bum. 


During ISM, If an accelerometer failure Is de- 

To Insure smooth guidance compu- 


tec ted, the next two captations of stemring 

tat Ions after an accelerometer 


misalignment correction (SMC) will be Inhibited. 

failure. 

Interrupt 

If no bit Is set In the Interrupt storage 

To prevent possible loss of control. 

Processing 

register (ISR) IN’ 12 will not be processed. 



If temporary loss of control (TLC) occurs during 
1 ;- corrupt processing, INT 11 end INT 12 will be 
rescheduled. 

To prevent possible loss of control. 

Telenet ry 

Delete Newfoundland Station. 

Not active this flight. 


R«:set Bits 1 and 19 of NC 27 at T5. 

Indicates that all pending execute 
alternate sequences and/or execute 
generalized maneuver DCS coammnds 
have been cancelled. 

Data 

Add S-1S0 table. 

Required for S-150 experiment. 

Compression 




Dump by DCS coeamnd. 



B-2 
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Table B-3. IU Significant Configuration Changes (Continued) 


SYSTEM 

CHANGE 

REASON 

Flight Program 
(Continued) 




Discrete 

Inputs 

Stop 

checking for DI 9 at T4 a or T5. 

To eliminate single point failure 
as a result of erroneous 01 9 
after spacecraft separation. 


di e 

added. 

Indicates spacecraft separation 
and activate T4 a . 

S-1S0 Ga tactic 
X-Ray Experiment 

Mode Code 27 

o Bit 6 Indicates T4 a Initiated. 

May be activated after T4 a GRD 
by: 

Required for S-150 experiment. 


0 

DCS command 



0 

DI 6 



Sequencing 



0 

Alternate sequence T4 a activates the 
experiment 



0 

Alternate sequence T4b will Initiate a dump 
of experiment data stored on auxiliary 
storage and playback recorder eat., time It 
Is requested by DCS cornua nd after TA^gy) and 
before T5. 



0 

Time correlation alternate sequence Issued at 
T4 a +2096.6 and every 1800 seconds thereafter 
until TS. 



0 

Calibrate coamnd alternate sequence issued at 
T4 a +2096.6 and every 1300 seconds thereafter 
until T5. 



0 

Redefine class 4 alternate sequence logic to give 
interrial priority to experiment sequences and to 
allow multiple class 4 sequence to be pending. 



Orbital Guidance 



0 

Maneuver the 5-IVB/IU to the attitudes required 
to perform the experiment. 



Data Compress ion 



0 

Table 1 added (Process Input-tatput's 3034, 
3035, and 3031). 



0 

Compress global angle data and associated time 
every 4 seconds. 



0 

Minimi* capability of 1500 samples. 



B-3/B-4 
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